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Mrs. Acnes D. Martin, Miss Noran M‘Nas THomson, Sir 
WILLIAM BURRELL, and CHARLES Epwarp FoIsTER were 
elected Ordinary Fellows of the Society. 


The Chairman announced the death of Mr. W. H. Massie, 
who had been a Fellow since 1902. 


The Rev. J. J. Marswatt L. AIKEN communicated the 
Scottish Alpine Club Report, 1927 (see p. 49). 


Miss HE. Puitie SmirH communicated a paper on the 
Reaction of the Medium in relation to Root Formation in 
Coleus (see p. 53). 


Mr. JAMES WRIGHT communicated a paper on the Causal 
Parasite of the Lily Disease (see p. 59). 


Mr. R. M. Apam exhibited a number of photographs illus- 
trating Scottish Vegetation, and also exhibited some lantern 
slides illustrative of the Alpine Botanical Club Report. 


Dr. R. J. D. GRawam and Mr. L. B. Srewarr exhibited 
further examples of Vegetative Propagation (see pp. 67, 70). 


Mr. R. M. Apam exhibited specimens of Mistletoe as a 
Parasite on Lime. 


The following plants in flower were shown from the Royal 
Botanic Garden : Begonia prismatocarpa Hook. ; Calceolaria 
Burbidge x ; C. Pavonii Benth. ; Crassula Bolusti Hook. f. ; 
Dendrobium Aphrodite Reichb. f.; Epidendrum vitellinum 
Lindl. var. majus; Erica grandiflora Linn. f.;  Hoheria 
populnea A. Cunn. ; Ixora coccinea Linn. var. Fraseri ; Petro- 
ecosmea Parryorum C. K. C. Fisher ; Pleione lagenaria Lindl. ; 
P. maculata Lindl.; Rhipidoglossum rutilum Schlechter ; 
Rhodostachys bicolor Benth. et Hook. £.; R. pitcawniaefolia 
Benth. et Hook. f. and Rondeletia odorata Jacq. 


NOVEMBER 15, 1928. 
JouN SUTHERLAND, O.B.E., LL.D., President, in the Chair. 


The TREASURER, Mr. ANDREW Mason, submitted the 
following Statement of Accounts for Session 1927-1928 :— 
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INcomE. 
Annual Subscriptions for 1927-1928 ; : ; . £53.10 0 
Do. Arrears . Q : ‘ : iy OO 
Transfer from Life Members’ Fund . : : A 3} @ 
Transactions sold : : ; ; : : : : 813 9 
Interest on Funds Invested and in Bank. : : : Sp LOmaO 
Subscriptions to Publications Fund. : : : em 
Income from Botanical Society Trust Fund, 1714 2 
seep) we Ill 
EXPENDITURE. 
Printing Transactions for Session 1926-1927. : OSM 
Printing and Postage of Notices for Meetings, etc. . : 21 2 0 
Rooms for Meetings and Tea . : ‘ ‘ : a wel 
Stationery, Postages, Advertising, etc. . : ; é 4 4 9 
Fire Insurance on Books, ete. . 3 : 3 On) 
Honorarium to Treasurer ‘ : : : 3 : oF a © 
sa) 8) 8} 
Excess of Expenditure. : F : : : £15 5) 4 
State or Funps. 
Life Members’ Fund. 
Balance of Fund at close of Session 1926-1927 : a ere 12 -O 
Add— Life composition received . : : : GueGmnO 
£284 18 0 
Deduct—Transferred to Income . ‘ : ; ; Bi 
Balance as at close of Session : » ates UO © 
Ordinary Fund. 
Balance of Fund at close of Session 1926- 
1927). : : : c : 5 eePO) al 
Deduct—Decrease during Session 1927— 
1928 > ; 5 4 2 fe - 15 5 4 
Balance as at close of Session, subject to expense of print- 
ing Transactions sont ¢ : : LOSS? 
Total Funds : 5 Agha Wit 3) 
Being :—£200 5% War Stock, 1929-1947, 
atcost . 5 : : Le LO Sas 
Sum in Current Account with 
Union Bank of Scotland, Ltd. . i) eh 16 
Sum in Deposit Receipt with do. sy Oe: 
£369 11 9 
Less—Subscription received in advance LORD: 


As above . £368 119 


Note.—Subscriptions in arrear, considered recoverable : 1927-28, £5, 15s. 


EDINBURGH, Ist November 1928.—I hereby certify that I have audited the Accounts of 


the Treasurer of the Botanical Society of trl rere Sat Bee ee abe have found 
hem co) C regoi tract, and find it correct. 
them correct. I have also checked the foregoing ue rae m Ae TEAR, (Anan bbe 
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BOTANICAL SOCIETY TRUST FUND. 


INCOME. 
Interest on Funds invested . ; ; : : ; 5 eolayh 1h 


EXPENDITURE. 
To Publications Fund ; ; F 2 i : see fa 4 ee 


EDINBURGH, 12th October 1928.—I have examined the books and vouchers of the 
Edinburgh Botanical Society Trust Fund, and certify the same to be correct. 
ROBERT L. GORRIE. 


Miss J. F, A. Mactacan, Mr. Jonn Murray, Mr. ALEXANDER 
H. Camppect, Mr. Atasparr R. Winson, and Mr. MicHarn 
Bruce were elected Ordinary Members. 


Mr. GrorcE Forrest gave a lecture on Plant Communities 
of Yunnan, in which he described the zones of vegetation, 
especially of the gorges formed by the rivers Salween, Mekong, 
and Yangtse, where the elevation ranges from 6000 feet to 
20,000 feet. The lecture was illustrated by a large number 
of lantern slides, many of them being in natural colours. 


DECEMBER 138, 1928. 
JoHN SUTHERLAND, C.B.E., LL.D., President, in the Chair. 


The PRESIDENT expressed on behalf of the members their 
concern and regret at the continuance of the serious illness 


of Hts Magesty Tur Kine, who is Patron of the Society, and - 


their hopes for his speedy recovery. 


The PrestpEnT referred to the serious loss sustained by 
the Society through the death of Dr. W. G. Suirn on 8th 
December (see p. 175). 


“Mr. Ropert R. CLarKeE was elected an Ordinary Fellow. 


Mr. SyMINGTON GRIEVE read a paper on Physical Changes 
brought about by the Floating Power of Seaweed (see p. 78). 
He illustrated his paper with numerous lantern slides and 
Specimens. 


The following plants in flower were exhibited from the Royal 
Botanic Garden: Acacia alata R. Br. ; Aphyllon uniflorum 
A. Gray (parasitic on Sedum acre) ; Brassavola cordata Lindl. ; 
Calanthe Harrisii x ; C. Veitchii Lindl. ; C. Wm. Murray x ; 
Canarina campanulata Linn. ; Cymbidium Mastersii Griff. ; 
Dendrobium subclausum Rolfe : Lycaste macrophylla Lind, var. 
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Measuresiana ; Paphiopedilum Godfreyae x : Peristrophe 
speciosa Nees; Streptocarpus Holstii Kngl., and Tibouchina 
Morvcandiana Baill. 


JANUARY 17, 1929. 
JoHN SUTHERLAND, C.B.E., LL.D., President, in the Chair. 


The PRESIDENT announced the death on 23rd December of 
Sir Wrni1aM THISLETON-DyeEr, an Hon. British Fellow since 
1888, and on the same day JoHN MERLE CouLTER, an Hon. 
Foreign Fellow since June 1923. 


Mr. SyMIneToN GRIEVE read the second part of his paper on 
Physical Changes brought about by the Floating Power of 
Seaweed (see p. 89). The paper was illustrated by a number of 
specimens and lantern slides. Mr. Symineron Grieve also 
exhibited an unpublished letter from CHartes Darwin to 
himself on his researches. 


Mr. Davy exhibited an abnormal Swede. 


The following plants in flower were exhibited from the Royal 
Botanic Garden: Angraecum pertusum Lindl. ; Bryophyllum 
crenatum Baker; Bulbophyllum tremulum Wight ; Coelogyne 
sulphurea Reichb. f. ; Crassula rosularis Haw. ; Dermatobotrys 
Saunders Bolus; Echeveria fulgens Lem.; E. multicaulis 
Rose; Eria globifera Rolfe; EH. lobata Reichb. f.; Laelia 
anceps Lindl. var. Leemanii ; Lycaste Lucianii x var. superba ; 
L. Skinneri Lindl. var. alba; Masdevallia Schroederiana 
Sander ; Oncrdium Cebolleta Sw. ; O. cheirophorum Reichb. f. ; 

—Ornithogalum aureum Curt.; Primula caleiphila Hutch. ; 
P. Winteri W. Wats.; Saccolabium bellinwm Reichb. f. ; 
Sedum compressum Rose; Veltheimia viridifolia Jacq. ; 
Viburnum fragrans Bunge; V. grandiflora Wall. and Whit- 
fieldia lateritid Hook. 


FEBRUARY 14, 1929. 
Symineton Grizve, Hsq., Vice-President, in the Chair. 


The CHAIRMAN announced the death of Miss Barxer, an 
Ordinary Fellow. 
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Mr. MaTTHEws read a paper on the Structure and Dehiscence 
of certain Poricidal Anthers by himself and Miss C. M. 
MACLACHLAN (see p. 104). 

Mr. Hucu Boyp Warr communicated a paper on Linaria 
Cymbalaria in Scotland (see p. 123). 

Dr. MaLcoLm WILSON read a paper on Aplanobacter Rathayi 
causing a Disease of Cocksfoot. 

Mr. Marruews exhibited specimens of Diphyscium foliosum 
from Cumberland. 

Mr. W. Epaar Evans exhibited a bone with Tetraplodon 
mniordes on it, which had been collected on Ben Lawers. 


MARCH 14, 1929. 
Joun SUTHERLAND, C.B.E., LL.D., President, in the Chair. 
Dr. Jamus CLarK gave a lecture on the Isles of Scilly, in 
which he gave a general account of the Islands, and dealt more 


particularly with their natural history. He illustrated the 
lecture with a fine series of lantern slides. 


APRIL 18, 1929, 
Symineton Grizve, Esq., Vice-President, in the Chair. 
Mr. CHARLES THOMSEN was elected an Ordinary Member. 


The CHarRMAN announced the death of Mr. R. C. MILLaR, 


C.A., who had acted as Auditor for the Society for many years 
(see p. 178). 


Mr. A. B, Brown read a paper: Observations on Leaf-fall 
in Douglas Fir when infected with Rhabdocline Pseudotsugae, 
which he illustrated with lantern slides. 


MAY 16, 1929.° 
SYMINGTON GRIEVE, Esq., Vice-President, in the Chair. 


The CHamrMan announced the death of Mr. Wm. Coxp- 
STREAM, who had been a Fellow of the Society since 1861. 
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Miss Baron read a paper on Cork Formation in Rhododen- 
dron, which she illustrated with lantern slides and specimens 
(see p. 127). 

. Mr. Roperr R. Ciarke read a paper: Notes on Bracken 
Disease, which he illustrated with lantern slides. 


JUNE 27, 1929. 
Professor W. Wricut SmirH, M.A., F.R.S.E., in the Chair. 
Mr. Ropert Crate Cowan was elected an Ordinary Fellow. 


The CHAIRMAN announced the death of Sir ARCHIBALD 
Bucuan-HeEpsurn, who had been a Fellow since 1894, and was 
President of the Society for Session 1912-1913, and also of 
Mr. ArTHUR BENNETT, who had been elected an Associate in 
1886 (see p. 180). 


Mr. W. Batrour GourLay communicated a paper on 
Vaccinium intermedium Ruthe on the South Pennine Moors 
and on Cannock Chase (see p. 131). 


Dr. G. G. Hann read a paper: Preliminary Report on a 
Variety of Red Currant Resistant to Weymouth Pine Rust 
(see p. 137). | 

Miss I. 8. McNicozt read a paper: Notes on Strand Plants. 
—III. Salsola Kali Linn. (see p. 147). 

Mr. ALEXANDER Pratt read a paper: Notes on Strand 
Plants.—IV. Avrenaria peploides Linn. (see p. 157). 

Miss C. I. Kean read a paper on Seedling Anatomy in 
Mesembryanthemum (see p. 164). 
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VEGETATIVE PropacaTion. Lear Currincs In Gymno- 
SPERMS. By R. J. D. Granam and L. B. Srewarr. 
(With Pl. IIT.) 


(Read 18th October 1928.) 


The possibility of vegetative propagation in the Gymno- 
sperms is not so limited as it is generally supposed to be. Stem 
cuttings is the favourite method employed in their propagation. 
In selecting wood from plants with horizontal branches for 
cuttings the necessity for the selection of orthotropic shoots has 
long been known. It may here be pointed out that the forms 
of Picea, Larix, Cedrus, etc., distinguished in horticulture by 
the terms nana, pendula, pygmea, etc., are invariably rooted 
side branches of the orthotropic species. - Resin exudation has 
been reported as a hindrance to callus formation and rooting in 
stem cuttings (1). 

The use of root cuttings is not widely known, but the second 
author has been successful with Araucaria Cunningham, — 
Ginkgo biloba, Podocarpus macrophylla and Halli, and Pinus 
sylvestris. 

In 1928 for the Glasgow Meeting of the British Association 
for the Advancement of Science an endeavour was made to 
extend the vegetative propagation of Gymnosperms by the 
use of leaf cuttings. Success attended the attempt in the 
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cases of Ginkgo biloba and Podocarpus macrophylla. No 
special treatment other than that given to ordinary cuttings at 
Edinburgh was employed (2). In Ginkgo roots developed in a 
most satisfactory manner in a few weeks and a shoot appeared 
in due course. A period of months elapsed before the Podo- 
carpus leaves rooted. In each case the percentage of leaves 
rooting was high. Plate III illustrates rooted specimens of 
the plants referred to. 

In the case of Ginkgo, callus develops on the injured end of 
the petiole which covers the whole cut surface, and may develop 
into a considerable mass. Anatomical examination of the 
leaf base reveals the normal sequence of events. All the living 
cells take part in callus formation, but the cells surrounding 
the paired vascular trace initiate the development. The first 
root initial appears on the adaxial side of the petiole, and 
originates in the area of small parenchyma cells lying in the 
bay formed by the two bundles. The passage of the root 
through the incumbent tissues is marked by elongation of the 
surrounding cells. Further roots are initiated in the callus 
covering the leaf base and obtain vascular connection through 
the short tracheids in the central portion of the callus. The 
subsequent growth of the roots is strong, and the roots them- 
selves are unusually stout for those produced by a leaf cutting. 
The shoot initial is first seen as a swelling at the union of the 
first root and the leaf base, and makes its appearance on the 
adaxial side. 

Podocarpus leaves gave slower results and developed roots 
only after an interval of several months. The injured leaf 
base is covered by a heavy callus. Unlike the callus in Ginkgo 
the outer layers are brown, a feature often associated with slow 
after-development. The centre of the callus consists of ex- 
ceedingly numerous short tracheids with simple slit-like pits. 
Roots ultimately develop on the adaxial side of the callus. 
These roots unite with the single vascular bundle of the leaf 
either through the complex tracheidal mass or laterally at the 
corner of the crescentic leaf trace. At the time of writing 
shoot initials have not appeared, but this is only a matter of 
time now that the leaves have an established root system. In 
this respect the authors’ experience has been more successful 
with leaf cuttings than Kupfer’s (3). Species of Acanthus, 
Acalypha, Alloplectus, Alsomitra, Brownea, Chirita, Coleus, 
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Dioscorea, Eranthemum, Ficus, Gasteria, Gesneria, J. acobinia, 
Kopsia, Medinella, Panaz, Peperomia, Rosa, Ruellia, Sanchezia, 
Sansevieria, Vitis, Zamioculcas, to 
all been raised by leaf cuttings. 
The authors desire to express their thanks to Mr. W. Murray 
and Mr. A. H. Whyte who carried through the practical 
cultivation of the leaves with exemplary care and praiseworthy 
pertinacity. To Mr. R. M. Adam we are indebted for the 
photograph of the Ginkgo leaves. oD 


quote some examples, have 


REFERENCES. 


(1) Batrour, I. Bayney ; Gardeners’ Chronicle, lii (1912), p. 384, and 
Journ. R.H.S., xxxviii (1913), 447. 

(2) Stewart, L. B.: Journ. R.H.S., lii (1927), 33. 

(3) Kuprsr, E.: Mem. Torr. Bot. Club. xii (1907), 195. 


VEGETATIVE PROPAGATION. KALANCHOE VERTICILLATA. 
By C. M. Baron, R. J. D. Gragam and L. B. Stewart. 


(Read 18th October 1928.) 


The leaves of Kalanchoe verticillata are described by Elliot (1) 
as ending in five small teeth, three linear erect and two broad 
reflexed with a gland in the centre. The plants in cultivation 
at the Royal Botanic Garden, Edinburgh, received in 1928 and 
1929 from T. Sharp, Westbury, Wiltshire, exhibit certain 
features of interest. The leaf ends in a small linear tooth, while 
on the leaf margin towards the apex occur in pairs a varying 
number of lateral teeth each with a linear point and a reflexed 
claw. The development of the claw is greatest on the highest 
pair of teeth. The claw is an outgrowth from the base of the 
lateral lmear tooth showing first as a small projection on the 
free (exterior) side of the tooth. Subsequent growth renders 
the claw the more prominent feature as a projection from the 
tooth towards the dorsal side of the leaf. Their development 
is centripetal, the size decreasing as the leaf is descended. At 
an early stage in the development of the claw the apex appears 
to terminate in a small green incurved tip. At a later stage 
this is clearly recognisable as a bud consisting of a white disc- 
like base bearmg two leaves. The plane of the leaves is 
parallel to that of the main leaf ; they are very unequal in'size, 
the larger being towards the free (dorsal) side of the main 
leaf. The bud, though at first apparently terminal, ultimately 
is slightly removed from the apex of the claw. This change in 
position is due to the growth of the claw. Roots develop from 
the disc at the base of the buds on detached leaves, the first 
root being directly below the smaller leaf. In old leaves the 
buds fall off, while in younger leaves on drying the buds 
become detached leaving a circular scar—the gland mentioned 
in the description. 

The leaf outline in transverse section below the highest pair 
of lateral teeth is reniform with a depression on the ventral 
surface. Six bundles traverse this portion of the leaf—a double 
median pair and on each side a pair of laterals. On approach- 


ing the region of the teeth the median bundles join and continue 
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as a single trace into the terminal tooth. The lateral bundles 
on each side approach each other and run parallel at the base 
of the lateral teeth. The external member of each lateral pair 
is continued into the linear tooth, while the internal member 
bends sharply and passes into the reflexed claw, terminating 
at the bud. The bud originates from a conical group of 


rif 


Kalanchoe verticillata. Leaf apex. 1. Side view showing one pair of buds. 
(x9) 2. Front view (upper side of leaf) showing same. (x9) 3. Vege- 
tative bud rooted on ordinary soil, about five to seven days old. (x15) 


meristematic cells extending from close to the vascular trace 
to the epidermis. Leaf primordia are laid down on this cone, 
the first on the free side of the cone. A flattened circular area 
of meristematic cells is intercalated between the cone and its 
attachment to the claw. From this disc the roots arise as 
previously described. 

_ The production of these buds offers an interesting addition 
to the types quoted by Holm (2). They are a constant feature 
of the plant as in Malazxis and Bryophyllum. Unlike the latter 
they appear at an early stage of the leaf development, while in 
contrast to the former they drop off when mature. 

The thanks of the authors are rendered to Miss E. Stott for 
microtome sections of the early stages in development. 


REFERENCES. 


(1) Exsior, G. F.8.: Journ. Linn. Soc., xxix (1891), 14. 
(2) Horm, T.: Ann. Bot., xxxix (1925), 867. 


PHysicaAL CHANGES BROUGHT ABOUT BY THE FLOATING 
PowER oF SEAWEED. By SymrneTron Grieve. (With 
Ble 1V5) 


(Communication No. 1, read 10th March 1881.) 


Note on the Physical Effects produced by the Floating Power of 
some of the family Fucacee as observed at the Strand between 
Colonsay and Oronsay, August 25, 1880. (Reprinted 
from Trans. Bot. Soc. Edin., xiv, pt. 2 (1882), p. lviii.) 


Towards the end of last August we were on a visit to the 
island of Colonsay, and on the 25th of that month we deter- 
mined to make an excursion to the island of Oronsay, which 
is divided from Colonsay by a beautiful sandy strand that 
varies in breadth from half a mile to a mile and a quarter. 
At ordinary full tides there is a depth of water upon the strand 
of from six to nine feet, and there is a period of from three 
to six hours each tide during which the strand is dry. 

The sand is mixed with immense quantities of comminuted 
shells, which gives it a white appearance ; and the inner part 
of almost every bay that indents the coast has similar tracts, 
while the promontories are rugged, and their shores strewn 
with stones, some of which are water-worn, while others bear 
evidence of having been recently detached from the neigh- 
bouring rocks, and on these stones there is a luxuriant growth 
of seaweed. - 

To arrange for an excursion to Oronsay it was therefore 
necessary to know at what hour the tide would recede from 
the strand, so that the visitor might get across as soon there- 
after as possible, and take the full advantage of the time that 
would elapse before the tide made it necessary to recross again. 

On the occasion of our excursion we arrived a short time 
before the falling tide had left it, and instead of waiting we 
determined to wade through, so as to get more time on Oronsay. 
We took to the water, which was from twelve to eighteen inches 
in depth, and had not gone far when we found that there were 
~ Very strong currents running westwards and eastwards towards 
the open Atlantic, and here and there upon the sandy bottom 


we saw sinuous markings that might have been the grooved, 
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tortuous tracks of immense eels as they made their way sea- 
wards ; and we went on in the hope that as we got farther 
from the shore we would come across one of these fish. 

But though the courses were numerous still we saw nothing 
that to our mind could make them, until suddenly, about 
mid-channel, we observed that one of these markings seemed 
either to begin or end at the foot of a large stone ; but though 
we lifted the masses of seaweed that were attached to it, in 
the hope that below we should find a veritable sea-serpent, still 
we were disappointed. A little farther on we came to another 
which again terminated at a stone, and as we looked on, 
considermg what could be the solution of the problem, the 
stone moved ; we thought we must be mistaken, so we watched 
it carefully, and after a pause it began to travel westwards, 
and having got over a ridge of sand into deeper water it 
proceeded much faster; and as it journeyed, buoyed by the 
seaweed, and dragged by the current, it left a trail behind. 
At last the mystery is solved, the buoyant power of the air- 
vessels of the seaweed is half lifting the stone from the ground, 
and as the current carries the weed along it waves from side 
to side, conveying the same motion to the-stone, which leaves 
a winding impression on the sand. A further examination of 
the courses showed us that all were not alike, some being 
quite straight, and we noticed several where the stone, after 
travelling a straight course, had been left dry upon the sand, 
and when the tide flowed again had been driven off at an angle 
back upon its first track, leaving a trail much like the letter V. 
Some courses intersected each other, and occasionally sinuous 
and straight courses were to be thus found in combination. 

Now, may this not cause reflection as to what may be the 
real solution of some supposed reptilian marks upon sandy or 
muddy beaches, whether ancient or modern, especially if they 
occur where there is a great fluctuation in the rise and fall 
of the tides, and at the same time a strong current ? 

It will be evident that with a receding flood tide it is quite 
possible, nay, even probable, that such markings would be 
made on stretches of mud or sand along a shore, and if the 
next tide did not obliterate the trails formed by the seaweed- 
carried stones on the upper part of the beach, most probably 
these markings, exposed for a time to the sun, would harden, 
and this operation would go on from tide to tide, until a 
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considerable part of the shore would be covered with the 
markings, and, when another series of flood tides came, the 
now firm moulds would be filled up with layers of fresh sand 
or mud, and might thus remain for ages, until some enthusiastic 
geologist broke up the matrices and found a new wonder. 

Subsequent investigations have shown us that the tracks 
are not soon obliterated upon the sand, and during calm 
weather will remain for several days quite distinct, though 
their sharp outlines become less clearly defined after each 
tide. It is also well to remark that the difference of the height 
to which spring and neap tides rise here is very considerable. 

But to return to the strand of Oronsay; let us say, that 
having now got the clue to the cause of the markings, we 
found that there was an immense number of stones thus 
travellmg westwards and eastwards, and that they varied 
much in weight, those we saw moving being from a few ounces 
to half a hundredweight, but we observed at various parts 
isolated boulders that we judged would each weigh several 
hundredweights, and these we think must have been carried 
there by seaweed. 

The quantity of rock thus carried out to sea by each tide 
is very great, and, we believe, must weigh many tons; and if 
this movement is in constant operation even for a few weeks 
or months of each year, it must be a most important factor 
to be kept in mind in considering the physical changes that 
are in operation in this part of Scotland. And if this is likely 
to be the case, when we consider such a narrow channel as that 
between Colonsay and Oronsay, what must it be if a similar 
force is working all along the west of Scotland? and if you 
extend the field for consideration, how much greater the effects 2 

The seaweeds attached to the stones were principally of the 
tribe Fucidae, and those we noticed most were Fucus nodosus, 
serratus, and vesiculosus (see figure); each of these varieties 
of seaware has, with regard to high-water mark, its own zone 
along sea coasts, but conjointly they cover, wherever they occur, 
the whole beach from high- to low-water mark, and may be 
arranged as follows :— 

1. Fucus nodosus—high-water to half-tide. 

2. Fucus serratus—about half-tide. 

3. Fucus vesiculosus—extending from near high tide to 
low-water mark. 
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But as Fucus serratus is devoid, or nearly devoid, of air- 
vessels, it may be left out of account for our present purpose. 

It will be seen that with Fucus nodosus and vesiculosus we 
have a growth of seaweed extending from high- to low-water 
mark, and that for part of that distance these two weeds 
intermingle ; and it is quite possible to find both varieties 
growing upon the same stones. 

You will also bear in mind that both of these seaweeds are 
supplied with air-vessels which float the weed with the rising 
tide ; and so great is the buoyant power that loose stones to which 
the Fuci are attached are raised from their beds and floated, 
the current transporting them in whatever direction it may set. 

The result of the continued action of this carrying force will 
be to denude our coasts of much of the detached and broken rock 
around them; and if these fragments are carried out to sea, 
floated by these vegetable buoys, they will ultimately be de- 
posited at the bottom of the ocean, for periodically the seaweed 
will decay off, and then the stones freed from their floats will sink. 

These individual stones as units may seem insignificant 
factors in the physical changes continually going on, but in 
the aggregate they represent a mighty force filling up the 
ocean bed. But this is not all; for we have evidence that 
another and perhaps more important operation is going on as 
regards the position of sea and land. 

Our observations led us to notice that at a place where a 
stone was left by the receding tide it sank, and that all except 
flat stones went downwards until they were checked by the 
resistance offered by the sand to the great surface of the 
attached masses of seaweed. Most of the stones which thus 
rest in transit across the strand rise with the succeeding tide, 
but at certain seasons, we believe, many sink in the sand to . 
rise no more, owing to the attached seaware either rotting 
off or losing its buoyant powers, and stones thus deposited 
are slowly but surely forming a barrier, which will in time 
become an isthmus between Colonsay and Oronsay ; then we 
shall find the latter island as a peninsula to the former, and 
as the sand accumulates on each side of the isthmus, it will 
gradually increase in breadth, until instead of being a peninsula 
Oronsay shall really form a southern point to Colonsay.1 


* At times a portion of the sand upon the strand changes its position, 
and the deposited stones can then be seen. : 
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Having been led to this conclusion, we made inquiries 
among the natives as to their actual observation, and while 
some inclined to think the depth of water on the strand at 
high tide was not quite so great as it used to be thirty or forty 
years ago, still all were not entirely agreed, the fact being 
that no one had made accurate observations. However, we 
succeeded in obtaining evidence which quite corroborates our 
view as to the change referred to being in operation in the 
immediate neighbourhood. 

Near the western entrance to the sound that divides Colonsay 
from Oronsay, and on which is situated the strand, there is 
what is now the south-west point of Colonsay, and this pro- 
montory is known by the name of Ardskinish,! but this name 
properly refers to the extreme point, its etymology being, 
Ard, high, and innis, island, and this exactly describes 
what this place was until about seventy years ago, the outer 
point being an island at high water, and the low-lying tract 
between it and the mainland of Colonsay a strand. 

An old man, resident at Kilchattan on Colonsay, told us 
that until recently several men were living who could remember 
the point as an island; and he mentioned two, who are still 
alive, who he believed would recollect it, and he could remem- 
ber himself when the neck of sand, dry at high-water, was not 
above 20 feet in breadth, and now at the narrowest point at 
high tide it will be the third of a mile ; and from the accumula- 
tion of sand blown from the beach the land at some points, 
according to the Ordnance Survey map, is nearly 40 feet above 
the sea-level. 

We have thus a case where the operation of filing up a 
strand by natural laws has taken place during the memory 
of men now living. 

We are not aware that other observers have noticed these 
facts before; but it would be interesting if they have done 
so, to put them on record, as the subject seems worthy of fuller 
investigation. 


1 Ardskinish. There is a difference of opinion as to the etymology 
of this name. Some think it has an entirely Norse origin, but the first 
syllable of the word (Ard) is undoubtedly Celtic. The last part of the 
word is not so certain as to its meaning and origin. 


PHYSICAL CHANGES BROUGHT ABOUT BY THE FLOATING 
PowER oF SEAWEED. By SymineTon Grieve. (With 
Pls, V-IX.) 


(Communication No. 2, read 13th December 1928.) 


I wish to interest you in a subject that I have had under 
consideration for a long time. It is one of a number of im- 
portant factors that have caused physical changes in the world. 
The floating power of seaweed seems to have attracted very 
little attention, if any, from scientists. Why it has escaped 
notice is difficult to explain as it can be seen operating along 
almost every coast of the world. It may be that it forms a 
less important factor than some others in effecting physical 
changes upon the earth. To my mind, it forms an important 
link in the scheme by which the Great Ruler of the Universe 
is working out his plan. Part of the work is carried out by 
volcanic action, also by ice, snow, rain and rivers. The 
smoothed and rounded stones that we find everywhere have 
_ been mostly formed by one or other of these agencies, but 
others require consideration. The agitation and operations 
that go on in volcanic craters may round angular stones 
(Plate V), so may the glacial action of ice, as seen in any old 
moraine. In the beds of our burns and rivers we have water- 
worn stones. These factors may convey rounded stones to a 
sea coast where they would accumulate and lie, unless some 
disturbing agency was operating. I think you will find this to 
be the floating power of seaweed, about which I am going to 
tell you. 

The great gulf that is known as the Caribbean Sea is a vast 
crater. There has been a great submergence, and all that is 
left of a great land surface is the fringe of islands that border 
the depression on the north and west. These islands are 
merely the tops of high mountains forming one of the anti- 
clines of the world. The depths of the sea along their coasts 
is very great, varying from 10,000 to 18,000 feet. Above and 
below sea-level upon the slopes of these mountains are at 
places found rounded stones in quantities. Such deposits are 
probably due to volcanic action (Plate VI). 
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The Sargasso Sea to the north and west of the Antilles has, 
in the past, been a sea of mystery. As your ship steams over 
it you see vast masses of seaweed floating upon its surface, 
quite beautiful to look at with its yellow foliage. What 
naturalist who has visited that sea has not tried, with various 
appliances, to hook some of it as it floated by ? Many an hour 
may have been spent trying to obtain specimens, and how 
often the naturalist has had to confess failure—most who have 
tried know. It requires special apparatus to effect capture, 
and that is generally to be found in possession of the cabin 
boy of the ship, who earns his reward. 

Who has not heard of floating islands of seaweed in the 
Sargasso Sea, of embedded ships, of all kinds, fixed as if in the 
grip of an octopus, of human tragedy and loss of life 2 Even 
dynamite has been brought into requisition to effect relief to 
helpless crews, according to the writers of romance, I have 
never come across anyone who could corroborate any of these 
tales from actual experience, or who had thoroughly explored 
the Sargasso Sea. 

I understand recent research by United States warships has 
failed to substantiate the stories of floating islands of seaweed, 
and although I have voyaged over parts of the Sargasso Sea 
more than once, I am afraid I must be classed as a doubter. 

There is, however, one thing about which there can be no 
doubt, and that is the abundance of floating seaweed. It is 
mostly composed of Sargassum vulgare and Sargassum bacci- 
ferum. x 

The specimens of these seaweeds found floating at sea have 
invariably burst vesicles, but still are, more or less, buoyant. 

It was long unknown where these plants grew, but within 
comparatively recent years they have been discovered growing 
upon the shores of the French islands of Martinique and 
Guadeloupe, and I found it also growing upon the shores of 
the British Island of Dominica (B.W.I.). The weed appears 
periodically to lose its attachment to the stones and is carried 
by the strong current out to sea. I have obtained one speci- 
men at sea with a stone attached to its roots. While that 
is evidence of what is happening, we require much more 
material before forming conclusions. These seaweeds also 
occur in some parts of the Pacific and Indian Oceans. 

The trivial name, bacciferum, is applied to one of the 
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species owing to the appearance of its air-vessels being similar 
to berries. 

When dried as herbarium specimens these weeds lose their 
bright colour and are much less attractive to the eye than 
when seen floating upon the sea. 

During the winter of 1879-80, after I had been studying the 
structure of the caves at Killoran Bay, Colonsay, I read a 
paper to the Edinburgh Field Naturalists Club upon “‘ The 
Cliffs and Caves of Colonsay.’’ I had formed the opinion that 
the caves had been excavated by the pounding and working 
of stones, by the action of the ocean waves, along the line of a 
vein of rock, not so hard as the rest of the cliff, that was at a 
right angle to the coastline. It was quite easy to form con- 
clusions and theorise, but it was difficult to think that, without 
some other factor operating, inert stones could become such 
efficient tools as to excavate deep caves into the bowels of the 
cliffs. The puzzle was to find out what the unknown factor 
could be. It was while considering these things that I made 
a discovery which I have mentioned in my last paper (p. 73). 
I was on a visit to the Island of Colonsay in August 1880, 
and on the 25th of that month, when wading across the strand 
that connects that island with Oronsay, I observed great 
numbers of stones with seaweed growing upon them moving 
with the strong tidal current. These stones were moved from 
side to side by the waving seaweed and had an oscillating 
motion conveyed to them. Where they touched the shore 
they were dragged or trundled along, leaving tracks of more 
than one variety upon the muddy sand. The sand is mixed 
with comminuted shells, but rests upon a solid ridge of stones 
connecting the two islands. This ridge is said to have quick- 
sands upon each side of it, and, as I shall show presently, 
probably owes its existence to the stones forming it having 
been conveyed there by seaweed. The study of these seaweed- 
borne stones shows that they vary in shape and general 
character at different parts of our coasts. At those portions 
of the coast, where there are rugged cliffs or shores formed by 
a talus of recently fallen rock, the stones are more or less 
angular. This more or less angularity and the general shape 
_ of each stone has much to do with its hability, when seaweed 
grows upon it, to contribute to its conveyance by tidal currents 
from one part of our coast to another and also out to sea. In 
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the course of this conveyance, if they touch the ground, such 
stones may make markings on a sandy strand indicating their 
course of transit. 

For instance, a flat stone exposes a much larger surface for 
seaweed to grow upon than a stone long and narrow, or heavier 
at one end than the other... Much depends upon what part of 
the stone the seaweed grows upon. The more luxuriant the 
growth and the more numerous the vesicles the more is the 
buoyant power of the seaweed. Naturally the portion of the 
stone upon which the seaweed has grown is buoyed up, while 
the side or end that is bare of weed and not buoyed up takes 
the lower place. When sharp pointed, a stone generally 
penetrates the sand and sometimes is engulfed. If it continues 
lying upon the surface or is only partially buried under sand 
or gravel, the exposed part of the stone is that upon which the 
seaweed grows: upon the unexposed part of the stone there 
is either no growth or very little. The seaweed periodically 
looses its attachment to a stone, which then sinks to the 
bottom and becomes inert. If above ground it remains 
resting until such time as seaweed once more grows upon its 
surface, and in sufficient quantity to render-the stone buoyant. 
For seaweed to grow upon a stone its surface must generally 
be exposed. Stones covered up in sand or gravel do not as a 
rule have a growth of seaweed, unless the covering up is only 
of a temporary nature. Thus stones that sink beneath the 
surface of the sand, remain there unless the scour of the tide 
once more exposes them. Then they may cultivate a new 
growth of buoyant seaweed to float them to a new location. 

Another factor that operates is the direction of the sea 
currents which cause floated stones to change their line of 
travel with each tide. Tides vary in strength and in the 
length of time they run from day to day. Thus stones may be 
carried much farther one day than another. Where the water 
is not too deep they may trail along the bottom, lea ving tracks, 
or they may be driven out to sea, or tossed up upon a hard 
beach and remain there. If the resting-place of a stone be a 
sandy or muddy shore it may sink into or beneath the surface, 
so that the buoyant power of the seaweed is not sufficient to 

raise it out of its bed so as to float again. Much depends upon 
- the resting-place of the stone, and also upon the shape of the 
stone and the incline of the beach. Stones when they sink 
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may form barriers or ridges on a strand, and when sufficiently 
large in numbers may form a connection between two islands. 
as is the case between Colonsay and Oronsay, or may connect 
an island with the mainland. The name Oronsay occurs at 
more than one place on the west of Scotland, and the Norsemen 
always gave the name to the pendicle to a larger territory. 
The Celtic and more ancient names for Oronsay were Toraic 
and Toraighe. 

Sea-beaches vary very much in character. For instance, 
the shores of a coral atoll in tropical seas, far removed from 
rocky shores, may be comparatively free from stones or stones 
may be non-existent or very rare. This is generally owing to 
the isolated and insular position of coral atolls, often in mid- 
ocean, especially in the Pacific (see also p. 97). 

In this country we have not far to go to see sandy shores 
and rocky shores, near each other and sometimes alternating. 
Often the upper part of a beach is formed by stones, some 
rounded, some water-worn, and some angular, while the fore- 
shore is composed of sand or mud. On the upper part of 
some shores the stones are lying in bare heaps and are piled 
up in long beds. The reason that they are bare is that at 
high tide the waves break over them, the water rushing 


[The diagram on p. 83 is to illustrate how physical changes are effected 
by seaweed, also the importance of the shape of stones carried by seaweed 
in forming barrier ridges. 

Section No. 1.—Upper part shows a flat stone with seaweed attached. 
The middle portion of the section shows the same stone resting upon the 
surface of the sand after the seaweed has come off, but leaving its growth 
markings upon the stone. The lower portion of the picture shows the bed 
of sand, and beneath that the angular stones that have passed downwards 
through the sand and now form a bed upon which the ridge of strand 
between Colonsay and Oronsay has been formed. 

Section No. 2.—This diagram shows what may happen if seaweed grows 
upon a stone more or less triangular in shape. Upon the left of the picture 
is shown seaweed attached to the sharp point of the triangular stone which 
is being floated by the seaweed. Below is the same stone, without the 
seaweed, resting upon the base of its triangle on the surface of the sand 
into which its broad base prevents it from sinking. On the right of the 
picture is shown what may happen if the seaweed should grow upon the 
wide base of the triangular stone. It will be floated point downwards 
until the seaweed becomes detached from the stone, which will then descend 
to the sand, which will be penetrated by the sharp point until the stone 
rests upon the barrier or ridge underneath the sand and forms part of it. 

Section No. 3.—This diagram depicts a round stone with a growth of sea- 
weed which floats it. On the right of the picture is the same stone sunk 
beneath the water, resting upon the sand where it is likely to remain until 
once more covered with a growth of seaweed with vesicles. The lower part 


of the picture shows the bed of sand, beneath which is shown the bed of 
stones. | 
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downwards among the loose stones, washing out all sand and 
gravel to a lower level, forming the foreshore. 

Another important factor to be remembered is that it is 
those seaweeds with vesicles, such as members of the family 
of Fuci, that have most floating power. Also that their 
buoyant power varies according to the state of the vesicles, the 
weight of foreign matter adhering to the fronds, such as the 
calcareous coverings of Serpula and the shells of molluscs and 
other creatures. 

As most seaweeds float upon the surface of the water when 
detached from anchorage of any kind, we may take it that 
such seaweeds, even without vesicles, have a certain amount of 
floating power. Such power is, however, very inefficient in 
its action when compared with the same seaweed when supplied 
with numerous vesicles. 

As far as the British Isles are concerned, the seaweeds that 
are most active in their floating agency are Fucus vesiculosus 
and Fucus nodosus, and to a lesser extent Fucus serratus 
and Sea Whipcord, Chorda Filum (Plate VII). 

Laminaria is active in effecting physical changes in another 
way. It may not have as much floating power as some other 
seaweeds, but its roots envelop stones, shells, and in fact 
everything that comes within their reach. When storms arise, 
especially when the tide is low, the broad fronds are washed 
violently by the waves, and the Laminaria roots are wrenched 
from the sea bottom and act like a patent dredge in lifting in 
their grip all that they have grasped, which is tossed up along 
with the fronds of the Laminaria upon the beach (Plate VITT). 

Throughout the world the places where seaweeds reach their 
most luxuriant growth appear to be the rocky shores of the 
great oceans, such as the North and South Atlantic and the 
Pacific. We therefore find the western shores of Britain and 
Scandinavia suitable places to study such phenomena. The 
growth of the weed is encouraged by the high temperature 
caused by the influence of the Gulf Stream. The weed here 
is generally of large size, and at certain seasons is supplied 
with great numbers of bladders that act as floats to whatever 
substance the seaweed may grow upon. 

A luxuriant growth of seaweed does not always continue 
upon a particular stone or rock. It thus follows that a stone 
which was at one time upon the move becomes stationary 


~ 
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until another crop of seaweed with vesicles grows upon it, 
sufficient to render it once more a buoyant object. 

Evidence of what takes place is seen when a marked 
surface of rock is noticed to be at one time bare, showing 
traces of seaweed having been attached to it, and at another 
covered with a dense growth of the weed. It is said that the 
Carr Rock in the Firth of Forth has been known to be bare of 
Fuci in November, and next May to be clad with a dense growth, 
some of it six feet long. 

Little seems to have been recorded about the periodicity of 
the growth of seaweed. The period of growth may be short, 
Say two or three years, and then the weed begins to lose its 
attachment, but probably this shedding process takes place at 
much longer intervals. I have my reasons for thinking so 
and I will state one. 

About the year a.p. 560 Gabrain, King of the Scots of 
Dalriada, whose capital was at Dun Add near Lochgilphead, 
Argyllshire, was defeated by Bruid, King of the Picts, who 
appears to have captured Dun Add. In the fighting Gabrain 
is said to have been killed. In any case, we find about the 
year A.D. 563 his son Conal upon the throne of Dalriada. He 
was no longer ruling from Dun Add but had retired south to 
Dun Locho (now marked upon the maps an Dun), situated at 
the head of Loch Killisport on the west side of Knapdale. 
Conal at this time was evidently ruler over Kintyre, most. of 
Knapdale, and also Jura, Isla, and Colonsay. His two great 
strongholds were Dun Locho just mentioned and Dun Cholla, 
or Colla, upon the south of Colonsay. 

St Columba was a kinsman of King Conal. He made his 
first landing in Scotland in a.p. 563 at Port-na-h-Iubhraich 
on the south of Colonsay. It is only a short distance from 
Dun Cholla, where Conal at that time appears to have been 
living. Conal seems to have been anxious to make a good and 
friendly impression upon the saint, as he gave him camping 
ground in the little glen almost under the walls of his Dun. 
He also presented him with the island of Oronsay, which St 
Columba accepted and ‘at once turned into a sanctuary to 
which malefactors could flee for refuge. The difficulty was to 
define when a criminal fleeing from justice was within the 
bounds of the region of safety, especially as the strand between 
Colonsay and Oronsay was covered each tide. To make clear 
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where the sanctuary began and where it ended two crosses 
were built about half-way across the strand. They were 
quite different in character, and the safe track from Colonsay 
to Oronsay passed between them. The cross upon the east 
side of the road was upright, the sea-worn stump of which still 
remains built in a foundation of masonry (Plate IX). 

The cross upon the west side is built of large loose stones and 
is prostrate upon the strand, and has remained there as far as 
is known by tradition for 1365 years. It would not be in- 
terfered with by the Columban or the Roman Catholic Church, 
and certainly not since the time of the Reformation by the 
Protestant. 

When I first visited Colonsay the traditional existence of 
this cross was known to all the old people, but no one had seen 
it. No one could tell its exact location, but all said it existed. 
At first I was confident it would be found, but latterly became 
doubtful. 

For nearly thirty years I kept searching for it when crossing 
the strand, but made no discovery. One day seeing a large 
mass of seaweed near the remains of the upright cross I 
dragged the weed aside, and as the signs seemed hopeful I got 
a knife and cut the seaweed off, and to my joy found the cross, 
which was concealed beneath the weed. It was built of 
large, loose stones now covered with seaweed, barnacles, and 
Serpularia and had upon its surface the markings of many 
growths of seaweed, principally Fuci. These growths, as far 
as could be judged, seemed to represent many generations of 
seaweed. From their size and luxuriance the Fuci growing 
upon it evidently belonged not to one year but to a number 
of years. Some stems were much longer than others which 
probably meant a difference in age. 

For a good many years I have kept this prostrate cross 
under observation and cut off the weed several times. From 
what I have seen I judge that it takes from four to six years 
for the Fuci upon the stones of the cross to attain full growth. 
But even full growth with the ordinary accompanying vesicles 
will not give the full lifting power which the buoyancy of the 
weed should cause. This is owing to the shallowness of the 
sea at full tide at the place where the cross is built, which 
prevents the stretching and tension of the weed to give the 
lifting power. However, at certain high tides there has been 
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at various times sufficient buoyancy to displace some of the 
smaller stones and turn slightly to one side the lower part of 
the shaft of the prostrate cross and also the arms. 

The depth of water at the cross at high tide, which is situated 
upon the shallower portion of the strand, is probably not more 
on average tides than four or five feet, but on occasions may 
rise to nine or ten feet. The strand is situated in a bay 
between the islands, and it is only covered by the sea for a few 
hours each tide, except during gales, when the tide sometimes 
does not leave the strand dry. However, when the tide is 
full the current is strong. The bay being to some extent 
land-locked the waves do not, as a rule, become as violent as 
at other situations upon the coasts of Colonsay or Oronsay. 

Here we have a monument that we know has been exposed 
to the action of the waves for over 1300 years, and we can see 
for ourselves the effects of the action of the sea upon it during 
that long period. The surfaces of its various stones are rough 
and angular, not like some other stones borne by the seaweed 
on exposed parts of the Scottish coasts. The difference in the 
effects of the seaweed upon the stones in tossing them about 
and grinding and rounding their surfaces while in a buoyant 
state accounts for what I have observed. The reason for the 
rough state of the surfaces of the stones of the prostrate cross 
is that they have been at rest nearly all these years, compara- 
tively free from friction, and at the same time to a large extent 
protected with their growth of seaweed. 

Had they been buoyed up and floated by seaweed to be 
dashed by the tempestuous seas of the Atlantic Ocean upon 
rocky shores we would have found rounded stones ground to a 
smooth surface. The contrast in the effects of the action of 
the sea upon these two crosses during the long period of years 
I have mentioned is very striking. The most of the shaft of 
the upright cross has been worn away by the friction of the 
current and the passing seaweed and stones combined. The 
stones of the prostrate cross show comparatively little evidence 
of friction (Plate IX). 

During the time that has elapsed since the building of Dun 
Cholla (anglicised Colla), and its subsidiary fort, Dunan nan 
Figean, that guarded the entrance to the strand from Colonsay 
about the year A.D. 322, there is evidence of an elevation of 
the land. Dunan nan Figean, that was at one time surrounded 
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by the sea each tide, is now connected with Colonsay by dry 
land. What was at one time the landing-place on Colonsay, 
at the head of the strand is now so shallow at high tide that it 
is useless for even small rowing-boats. However, the elevation 
has probably not been more than two or three feet, and may 
be largely due to blown sand from the strand. 

In many parts of Scotland and other parts of the British 
Isles, especially along their western coast, there are many 
raised beaches belonging to geological ages. Long stretches 
of the coastline is formed of cliffs with several ledges or steps 
(Aoineadhs), being steps between the lower and higher cliffs, 
indicating more than one period of land elevation. We have 
beautiful illustrations of this land movement on Colonsay 
and elsewhere. 

The faces of these cliffs are perforated with caves, and along 
their floors and inner recesses are found many rolled stones. 
These stones are the implements by which the caves were 
formed. The caves are invariably carved out along the line of 
a vein of softer rock than that forming the mass of the cliff. 
Through the rising of the land the bottoms of many caves are 
not now reached by the waves, so that the excavating process 
that went on within them through the action of the sea has long 
since ceased. The stones now found deposited in the bottoms 
of the caves are quite inert. When these stones had seaweed 
attached to them they were made mobile by the waves 
and became powerful instruments in the work of excavation. 
When buoyed by the weed and dashed by the waves against the 
clifis these stones became effective tools, wearing away and 
breaking off the softer portions of the rock and excavating 
along the vein of softer stone (generally some kind of limestone) 
and forming caves, some of them being of great length and 
tunnelled far into the clifis. Beautiful examples of these 
wonderful caves may be seen to perfection along the west 
coasts of Colonsay, Islay, and Jura, as well as many other 
places in Scotland. In the innermost recesses of most caves 
is a raised beach of rounded stones, and it is upon such places 
that the ancient inhabitants lived and formed their kitchen 
middens. 
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Prostrate Cross on the strand, Colonsay. 
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PHYSICAL CHANGES BROUGHT ABOUT BY THE IF LoAT- 
ING PowrrR oF Szaweep. By Symrneron Grieve. 
(With Pl. X.) 


(Communication No. 3, read 17th January 1929.) 


In my former paper, read in 1880, I referred to what was to 
be seen of the work of the floating power of seaweed at Ards- 
kinish, Colonsay. As the place is remote, and never having 
been there at the time I wrote, I was dependent upon local 
information. Since then I have been at Ardskinish often, 
and from my own study of the locality have considerably 
extended my views regarding the effect of the seaweed-borne 
stones that are piled high up upon its shores wherever there is 
a sloping land surface upon which the stones can lodge. 

At Ardskinish Farm House, which stands at an elevation of 
33°3 feet above mean high-water mark, and even beyond that 
elevation, are beds of rounded stones that have been conveyed 
up to that height by the sea. The problem-that we have to 
solve is how that happened. It may be that to some extent 
the rounded stones owe their present high elevation to a 
gradual rising of the coastline during a geological period. 
That, however, can only partly account for what we now find. 
It appears to me that the evidence all points to a deposit of 
the rounded stones during all the time the land was being 
elevated, just as the process is going on now. At times of 
storm the level may vary many feet from the great height of 
the Atlantic waves which break with tremendous power along 
all this coast, especially during gales from westerly directions. 

In the first paper of this series, p. 77, which I gave to this 
Society in 1881, I mentioned from information I had obtained, 
I was under the impression that the small island that at one 
time existed off the point of Ardskinish and now forms part of 
Colonsay, had lost its insularity, through a ridge having been 
created between it and Colonsay by seaweed-borne stones 
sinking into the sand. From personal examination I have 
ascertained that the small island had an elevation of 73:3 feet, 
while the depression (one time a channel between the island 
and Colonsay), according to the Ordnance Survey, was only 
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25 feet above sea-level. The bed of this channel has at one 
time been much lower. During very high tides or during 
great storms it is still swept by the sea. 

It is filled with loose stones, some of them quite large, that 
appear to have been floated in by seaweed during western 
gales. The lower part of the shore at this point is compara- 
tively free from loose stones and long reefs stretch out to sea. 
Here and there upon them are scattered loose boulders, 
mostly of considerable size. These boulders lie upon the top 
of the reefs at present, but were probably brought to where 
they now are by seaweed. At some future date when they 
are covered with a. great growth of seaweed a storm may arise 
that will float them high up on the beach. 

At other places upon the point of Ardskinish, high up on the 
shore and above the low line of cliffs that fringe the coast, 
are large beds of rounded stones. We may ask ourselves the 
question, How did these stones get there unless floated by 
seaweed 2 

Stones with rounded, smooth surfaces when lying upon 
rocky beds, at or below the level of low tide, are not easily 
moved by sea waves. However, the same stones when more 
or less covered by seaweed become buoyant in different de- 
grees and are moved by the wash of the waves. In some 
cases a stone is floated by the weed and becomes an object 
tossed at the will of the ocean. Most of the stones deposited 
upon the point of Ardskinish have come from the west, as the 
present east side of the point is formed of blown sand. Upon 
the east side of Ardskinish Point are stretches of sand dunes 
and a sandy bay named “ Traighe na Barca” or “ Strand of 
the Ships.” It was at one time used as a harbour. 

These rounded stones of different sizes are what may be 
described as the cores of boulders once. of much larger 
dimensions. The rounding of the stones may have arisen 
either through the rolling of the stones one upon the other 
by the action of the waves or through the stones when floated, 
by seaweed, being chipped and rubbed or dashed by the wash 
of the waves upon either cliffs or shores. 

Possibly the stones may have been lifted by seaweed from 
some old moraine upon the coast or the deposits at the mouth 
of some stream. Whatever the cause, the angularities of the 
stones have disappeared. 
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In some regions as the west of Colonsay or the Kyle of 
Lochalsh, where ocean currents are strong and seaweed- 
borne stones are plentiful, rounded stones form by far the 
larger portion of the stones found generally lying piled up 
upon the shore. 

There is a difference of opinion as to the cause of these 
deposited stones being found as they are at Ardskinish, 
Colonsay, and at Glenelg, in the Kyle of Lochalsh. In the 
former we have not only the floating power of the seaweed with 
strong ocean currents, but we have also to take into account 
the tremendous power of the wash of the Atlantic waves. 
In the more sheltered Kyle of Lochalsh the waves, although 
very powerful, cannot compare in force with those of the 
open Atlantic. However, it is probable that the current in 
the Kyle is much stronger and is in violent operation every 
tide. This strong current is, as far as I can judge, acting 
more rapidly as one of Nature’s tools than the current off 
Colonsay, which runs much slower. 

I have given careful study to each of these localities. There 
are many others in Scotland where the same phenomena can 
be observed. If we take the whole world, the numbers of 
places where these physical changes are being effected is so 
great that the problem is beyond calculation. 

When fishing in the Kyle of Lochalsh, if you grab a mass 
of seaweed as it is swept past the boat by the tide you will be 
quite surprised to discover what a number of stones are 
attached to the seaweed and suspended under it and are being 
floated along, especially at certain seasons of the year. 

These stones must come from places upon the coast and 
prove the large amount of denudation and alteration that is 
constantly going on through the floating power of seaweed 
(Plate X). 

From observations of the tracks left by the dragged stones 
upon the sandy mud of the strand between Colonsay and 
Oronsay it has been found that, although most of these dis- 
appear with succeeding tides, some remain, when hardened 
by a warm sun. These markings or tracks may get covered 
up with sand by the wash of the waves. However, by geo- 
logical movements in future ages, they may be discovered and 
puzzle geologists. The ripple marks preserved on sedimentary 
rocks are of similar origin. 
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Another geological mystery may be the finding of erratic 
stones in sedimentary rocks now beneath the sea. These can 
be accounted for by the stones having been floated out to sea 
and the seaweed having lost its buoyancy or having become 
detached from the stones, which’ then sank to the bed of the 
ocean and were covered up with ooze, which in a geological 
age may become rock. 

What I have said has referred to comparatively small stones, 
and you may be of the impression that any physical changes 
that can take place, when considered in detail, are only of a 
minor nature and not worth recording. 

However, it is not always so. In time of great storms, 
such as occur at intervals more or less distant, the operations 
of the waves, aided by the buoyant power of seaweed, are most 
amazing. Boulders of immense dimensions, some of them 
of enormous weight, are tossed up on to ledges or into crevices 
in sea cliffs, where they remain as evidence of the operation 
of some wonderful power in nature and puzzling those who 
see them. If stones can be pitched to such great heights 
in time of storm, probably the movements of lesser stones 
to lower elevations and at less stormy times may be very 
great. Although not easily observed, such movements must 
be going on continuously. The amount of displacement taking 
place by the agency of seaweed over the whole world from 
day to day must be enormous. The nearer the sea-level the 
greater the movement will be. 

I will give you three instances: On the high cliffs on 
south-west of Colonsay and a short distance south of Port 
Lobh is a crevice formed by the washing out of a vein of rock, 
known by the name of the Fians’ Staircase. Into this cavity 
the sea has washed, some distance above the foot of the cliff 
and about the level of high tide, an enormous, erratic boulder, 
known locally by the name of the Fians’ Putting-stone. 

The early inhabitants of Colonsay remarked the stone and 
associated it with the Fians who once used to visit the island 
and were supposed to have Supernatural powers. The stone 
is an immense, rounded boulder and has no ‘angularities that 
could be of much aid to the sea in moving it into its present 
position. The local tradition is that the Fians putted it from 
Dungallan across the sea and that it fell where it now lies. 
My interpretation of the mystery is different, and without the 
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assistance of the buoyancy of seaweed I am afraid it could 
never have reached where it at present is. 

Sometime after my first paper to this Society was read I 
had a talk with the late Dr. Joseph Anderson of the Scottish 
Society of Antiquaries. He told me that he was interested 
in what I had written as it explained to him some things 
about which he had been puzzled and about which he was 
at one time afraid he would not find a solution. Now, he 
said, he felt he had got some light upon the subject which 
helped him to form an opinion. 

He told me that such violent storms as the one he was about 
to tell me of only occurred at rare intervals. He was living 
near Thurso when a terrible storm began, and hearing it was 
a wonderful sight he ventured out to the cliffs. It was a dan- 
gerous expedition, but he felt amply repaid by what he saw. 

Immense slabs of stone were being dashed by the waves 
against the cliffs, some he believed to weigh many tons, and 
they were thrown up the cliffs fifty to sixty feet where on 
ledges and crevices some remained. Dr. Anderson told me 
that some of these great rocks were moved about by the sea as 
if they were living things, and at the time it was quite beyond 
his comprehension. He felt sure that these rocks could not 
be lifted out of the bed of the deep sea unaided in front of 
the cliffs, even by these angry waves, to be tossed up on dry 
land. He said he had to confess failure in trying to solve the 
mystery, until he heard of what I had written about the float- 
ing power of seaweed. 

Keeping in mind what I have said about how the shape of 
a stone has much to do with its buoyancy when there is a 
growth of seaweed upon it, I think we may assume that the 
stones observed by the late Dr. Joseph Anderson were Caithness 
flagstones, with large, flat surfaces upon which the seaweed 
could grow. I do not know the actual specific density of 
Caithness flagstones, but in all probability it is considerably 
less than granite. If this is so it would take a smaller quantity 
of attached seaweed to float these stones. , 

Most of you have heard of the destruction of Wick break- 
water. The structure was built of great blocks of concrete. 
Year after year, down to 1882, especially in the years 1871 and 
1872, the concrete was displaced and the breakwater gradually 
destroyed. It was supposed that the destruction was caused 
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by the power of the waves alone. With our present knowledge 
it would probably be thought necessary to inquire if the 
agency of seaweed was not at least worth considering as a 
contributory factor. 

The concrete blocks that formed the breakwater are said 
to have had an immense growth of seaweed upon them. Each 
surge of the sea would cause the buoyant seaweed to give 
another wrench to the structure until in course of time it 
would be weakened. Then the floating power of seaweed 
would come into operation to move the concrete blocks, thus 
bringing about the destruction of the building and possibly 
removing it into deep water, where it would sink beneath the 
sea. I understand that since its destruction a shorter break- 
water has been constructed upon a different plan. 

I am afraid that even after what I have told you some will 
be sceptical. However, when you know how it all comes 
about, and the explanation is easy, I think you will be con- 
vinced. The solution of the mystery is the difference in the 
specific density of things. Water is the standard of density. 
The gramme is the unit of weight of a cubic centimetre of 
distilled water at 4° C. The specific density of a body is the 
number of grammes-mass per cubic centimetre. Thereisa great 
difference in the buoyancy of a stone when immersed in water 
and when out of water. We all know that a bare stone sinks 
in water, but few think how little buoyant power is required to 
make that stone float. For instance, the specific density of 
granite is 2:5 to 2-9, and most of the rocks found upon our 
coasts are granitic in their nature and will not vary very 
greatly from that specific density. Some may be a little 
lighter, some a little heavier, but I think that for stone 
granite is a good illustration, as it is of greater specific density 
than many rocks. It has been with similar rocks that we have 
been considering the subject, and it is fair to accept this 
material which has been actually seaweed-borne to aid us in 
forming conclusions. 

Some substances, such as certain kinds of wood and other 
vegetable matter, float upon the surface of water and there- 
fore are of fractional density, while others, such as various 
metals, are of much greater specific density than stone and 
would require probably something more buoyant than seaweed 
to keep them afloat. 
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You will at once observe that it takes a comparatively 
small amount of attached seaweed with bladders to counter- 
poise the density of the stone, and to change, while this attach- 
ment lasts, a stone from a thing that will sink in water to one 
that will float. Asbestos has the peculiar property that it 
sinks as a stone when taken from the quarry, but when finely 
shredded it floats. One of its varieties, named Rock-cork, 
also floats. 

Mr. E. J. Dunn in “ Pebbles,” p- 67, pl. 60 (Melbourne, 1911), 
gives a photograph of a pebble of volcanic ash, four inches 
long, that was floated ashore in Mercury Bay, North Island of 
New Zealand, with Bladder-wrack, a seaweed, growing upon 
it. This is much less wonderful than that a granite stone can 
be floated. The specific density of the volcanic ash would be 
only about 0-84. 

In considering this question of the floating power of seaweed 
it is necessary to remember that upon the shores of some fresh- 
water lochs, especially large lochs, there are beds of rounded 
and water-worn stones. These stones are, however, generally 
much more angular in form than those found upon seashores, 
washed there by ocean currents. On the-shores of fresh- 
water lochs these deposits of rounded stones are partly formed 
by the action of weathering and the action of the waves 
combined. Most of these stones are coated more or less by a 
growth of freshwater algae, the buoyancy of which may be 
an important factor when associated with prevailing currents 
and winds in determining the form as well as the position of 
such stones upon a shore. The growth of algae upon these 
stones is not much noticed until during periods of drought, 
when the level of the water in the different lochs or rivers is 
low and the algae is seen peeling off the stones, generally, as a 
grey or whitish skin. Such forms of algae seem incapable of 
floating stones, but have a certain amount of buoyancy which 
helps to counterpoise the specific density of a stone and makes 
it easily moved by the waves or currents. In this way beds of 
stones may be formed, and where the water is shallow often 
become exposed to the sun when a loch or river is low, and 
it is then that the stones have the bleached appearance above 
referred to and the stones appear to skin. These rounded 
stones are seldom, if ever, found piled up upon the shores of 
freshwater lochs. In Loch Awe, Argyllshire, beds of stones 
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more or less rounded occur, but it is believed that they mark 
the sites of lake dwellings (Crannogs). Originally the rounded 
form of these stones may be to some extent due to volcanic 
action, such as burst open the pass of Brander. 

In 1880 I wrote a paper which appears in the “ Proceedings 
of the Edinburgh Botanical Society ” (pp. lvii—lxi, session 
1880-1881). This paper created some discussion at the time, 
but as far as I know seems to be forgotten, and perhaps none of 
you ever heard of it. arly in the spring of 1882 I heard it 
was a subject that interested the late Charles Darwin. I sent 
him a copy of my note, but was unaware that he was then very 
ill and unable to leave his room. I have been told that at the 
time he received my letter and note he was so prostrate that 
he could only be lifted to a couch from his bed to have it made. 
Notwithstanding the critical state he was in he wrote me on 
22nd March 1882 as follows :— 

Down, BECKENHAM, 
KEnrT. 

Dear S1r,—The subject of your essay would, I think, be 
well worth pursuing. 

I have long known that stones were transported by floating 
Fuci, but I cannot remember my authority ; perhaps cases are 
given by Lyell. It is, however, quite new to me that stones 
are thus dragged along the bottom leaving a trail behind 
them.—I remain, dear sir, yours faithfully, 

(Sgd.) Cx. Darwin. 


SYMINGTON GRIEVE, Esq., 
Edinburgh. 


I had written to Charles Darwin asking if he thought I 
should continue my study of the subject. His answer was 
decidedly encouraging. He literally wrote me from his death- 
bed, as he died on 19th April 1882, at the age of seventy-three, 
having been born on 12th February 1809. He was buried in 
Westminster Abbey. 

This unpublished letter shows his desire to help with his 
enthusiasm and sympathy a humble fellow-worker in the 
pursuit of science. 

T must have known many years ago what Darwin had written 
in “ The Voyage of the Beagle ” about erratic stones found on 
coral atolls (Colonial and Home Library edition, xii, 461). 
Thad quite forgotten until Mr. R. G. Thin recently drew my 
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attention to the passage, which refers to Keeling Island and its 
neighbourhood, and is as follows :— 

“A few miles north of Keeling there is another small atoll, 
the lagoon of which is filled up with coral mud. Captain Ross 
found embedded in the conglomerate on the outer coast a 
well-rounded fragment of greenstone, rather larger than a 
man’s head: he and the men with him were SO surprised at 
this that they brought it away and preserved it as a curiosity. 
The occurrence of this one stone where every partacle of matter 
is calcareous, certainly is very puzzling. The island has 
scarcely ever been visited, nor is it probable that a ship had 
been wrecked there. From the absence of any better ex- 
planation I came to the conclusion that it must have become 
entangled in the roots of some large tree. When, however, I 
considered the great distance from the nearest land, the 
combination of chances against a stone thus being entangled, 
the tree washed into the sea, floated so far, then landed safely, 
and the stone finally so embedded as to allow of its discovery, 
I was almost afraid of imagining a means of transport so 
improbable. It was, therefore, with great interest that I 
found Chamisso, the justly distinguished—naturalist who 
accompanied Kotzebue, stating that the inhabitants of the 
Radack archipelago, a group of lagoon islands in the midst of 
the Pacific, obtained stones for sharpening their instruments 
by searching the roots of trees which are cast upon the beach. 
It will be evident this must have happened several times, 
since laws have been established that such stones belong to the 
chief, and a punishment is inflicted on anyone who attempts 
to steal them. When the isolated position of these small 
islands in the midst of a vast ocean, their great distance from 
any land excepting that of coral formation—attested by the 
value which the inhabitants, who are such bold navigators, 
attach to a stone of any kind—and the slowness of the currents 
of the open sea, are all considered, the occurrence of pebbles 
thus transported does appear wonderful. 

“Stones may often be thus carried; and if the island on 
which they are stranded is constructed of any other substance 
besides coral they would scarcely attract attention and their 
origin at least would never be guessed. Moreover, this agency 
may long escape discovery from the probability of trees, 
especially those loaded with stones, floating beneath the surface. 
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In the channels of Tierre del Fuego large quantities of drift- 
timber are cast upon the beach, yet it is extremely rare to 
meet a tree swimming on the water. These facts may 
possibly throw light on single stones, whether angular or 
rounded, occasionally found embedded in fine sedimentary 
masses.” 

In a footnote Charles Darwin mentions “ that some natives 
carried by Kotzebue to Kamtschatka collected stones to 
take back to their country.” The use of the stones was to 
sharpen tools or weapons. 

The foregoing is very interesting, but all Charles Darwin’s 
difficulties would have been solved had he known at the time 
he wrote about the floating power of seaweed. As to the 
fragment of greenstone found by Captain Ross, it was probably 
conveyed to where it was found by the buoyancy of Fuci, 
while the small pebbles would be conveyed to the coral atolls 
grasped in the roots of Laminaria or some similar seaweed, 
which in some parts of the Pacific grow to an immense size 
and to the savage people would be known as trees. As to the 
theory of the roots of trees grown on land carrying stones, it 
must be applicable as far as rooted and sea-borne trees are 
concerned to only a very limited extent. It is quite true that 
at times trees that have been blown down, or fallen from 
undermined banks, carry embedded among their roots a large 
quantity of earth and gravel, and on rare occasions larger 
stones. The way this material is embedded among the roots 
makes it easily washed out. It is evident that to be carried 
great distances at sea there must be some other agency to 
convey stones as Charles Darwin realised, although he did not 
know what it was. To convey stones anywhere at sea, trees 
would have to float. This of necessity would, whether upon 
the surface or just below the surface, expose the trees to the 
action of the ocean waves, and all material carried among the 
roots would soon be washed out through the law of inertia 
giving resistance to the waves. The solution of the question 
seems to be that what the natives called tree roots were the 
roots of Laminaria. There is no doubt that when growing the 
roots of Laminaria envelop all kinds of objects upon a sea 
bottom, and that the attachment is secure until the root of the 
Laminaria either rots off or dries off. 

I have searched Sir Charles Lyell’s books, but I have been 
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unable to find any reference to physical changes caused by the 
floating power of seaweed. 

Lyell says much about the wonderful action of ice, but seems 
to have been unaware that floating seaweed could effect 
physical changes upon the earth. At pp- 280-281, “ Antiquity 
of Man,” referring to erratic blocks upon the southern coast 
of Sussex, he says: ‘‘ These blocks are to be seen in great- 
est numbers at Pagham and Selsea, fifteen miles south of 
Chichester, lat. 50° 40’ N. They consist of fragments of 
granite, syenite, and greenstone, as well as Devonian and 
Silurian rocks... . They were probably drifted into their 
present site by coast ice, and the yellow clay and gravel in 
which they are imbedded is a littoral formation as shown by 
the shells.” Lyell does not say definitely that these stones 
were conveyed to their present site by ice, he uses the word 
“ probably.” However, he says they are embedded in a 
littoral formation among shells, and this statement arouses 
suspicion that Lyell may have been mistaken as to the agency 
that brought these stones to their present situations. This 
matter needs further investigation. Geikie in his “ Textbook 
of Geology’ (4th edition, ii, 1016) points_out that “there 
occur in different parts of the carboniferous system scattered 
pieces and even blocks of granite gneiss, quartzite, or other 
durable material which lie embedded, sometimes singly, some- 
times in groups, in limestone, sandstone, and in coal.” - Various 
explanations have been proposed to account for these erratics. 
Some writers having even suggested the action of drifting ice. 
The stones were most probably transported by floating plants. 
Seaweeds, like our living Fucus, with their rootlets wrapped 
round loose blocks, might easily be torn up and drifted out to 
sea, So as to transport and drop their freight among corals and 
crinoids living on the bottom. 

Ice, snow, and rain have been important factors in altering 
land surfaces and effecting physical changes. However, we 
can hardly say in Scotland that we are now living in the Ice 
Age, although it operates farther north. The physical changes 
are still going on although on a diminished scale. The prob- 
ability seems to be that at some distant dates more than one 
Ice Age may recur when rapid changes in denudation may 
take place in the northern hemisphere, just as they are, in 
all probability, now taking place in the southern. 
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The changes caused by the floating power of seaweed are 
always actively taking place over all parts of the world where 
seaweed grows, in the tropical, sub-tropical, and temperate 
zones. The areas thus affected are much greater than the 
Arctic and Antarctic regions, and probably the changes are 
proportionally great although as yet little observed. 

A thought that naturally suggests itself is—Will it ever be 
possible to utilise the power connected with the floating 
power of seaweed ? It is a difficult problem, one that may 
prove insoluble, but yet seems to have potent possibilities. 
Much research and study may be required, but it seems likely 
it will be found that to supply power in connection with the 
floating power of seaweed ocean currents must contribute the 
primary force. To anyone with knowledge of the subject the 
potentialities of an ocean current are awe inspiring. 

The resistance caused, especially in narrow channels, by the 
presence of vast masses of floating seaweed would augment 
the power, and that power would again be greatly increased 
when such floating seaweed was weighted with attached 
stones. 

On Thursday, 14th March 1929, Dr. James Clark delivered a 
lecture upon the Scilly Isles to the members of the Botanical 
Society, in the large hall at the Royal Botanic Garden, Edin- 
burgh. He referred to certain phenomena he had observed 
but could not satisfactorily explain. In answer to a letter 
that I wrote him he kindly sent me the following, which is very 
interesting and an important record well worth preserving :— 

“T had two experiences in the Isles of Scilly of the bom- 
bardment of rocks by sea-thrown blocks of stone. The first 
was on White Island to the north of St. Martins and accessible 
on foot at low water. On the eastern side of this is a narrow 
inlet called Chad Girt, about 100 yards long, between high, 
irregular walls of rock ; there was a fresh breeze blowing from 
the south-east and the sea was rushing into this gap like a 
tremendous torrent and throwing great boulders against the 
upper part of the inlet. Some of these blocks must have been 
several feet in diameter and we noticed at the time that 
several carried a big tuft of seaweed. 

“The other occasion was the one mentioned in my lecture 
and took place at Round Island, a precipitous islet to the 
north of Tresco, crowned with a lighthouse. A stiff wind was 
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blowing in the morning which by the afternoon had developed 
into a fierce south-westerly gale with a velocity estimated on 
Tresco at sixty-five miles per hour. The bombardment was 
first noticed about two hours before high-water and rapidly 
increased in violence till the rocks at times seemed to vibrate 
with the shocks. I have no idea how big the blocks were, 
but only those of a very large size could have created the 
disturbance they did.” 

Tn his lecture Dr. James Clark informed his audience that 
the rock at the Round Island was all granite. 

There may be more factors than one in operation, but you 
will find it well worth your while to give some thought and 
study to the floating power of seaweed. 


Fioatina Power or ASCIDIANS. 


Since writing the above, Professor J. H. Ashworth, F.R.S., 
of Edinburgh University has been so kind as to send me a 
short note by Professor Charles Chilton, M.A., D.Sc., etc., of 
Canterbury College, New Zealand, that appeared in the 
Transactions of the New Zealand Institute (vol. 56, pp. 523- 
524), upon the “ Dispersal of Pebbles and Marine Organisms,”’ 
issued 26th April 1926. 

This paper refers to the power of free-swimming larvae, of 
an ascidian Boltenia pachydermatina, Herdman, to attach 
itself to pebbles to grow upon them and on occasion to lift 
them from a gravelly bottom. In stormy weather these 
ascidians are thrown upon certain shores in numbers with 
pebbles attached. This is probably due to the great numbers 
of B. pachydermatina that grow upon gravel beds in shallow 
seas. In other localities single pebbles with B. pachydermatina 
attached are found. The Boltenia has stalks of from twelve 
to fifteen inches in length when full grown. Many stems grow 
upon each pebble, and each stem has a certain amount of 
floating power—in the aggregate there is a considerable amount 
of buoyancy. The stalks and other organs of the ascidians 
probably have a number of air-vessels in their stems, just as 
we find air-vessels in the stem of the sea-whipcord, Chorda 
filum. 

Some, if not all, of the pebbles mentioned by Professor 
Charles Chilton seem to have been carried long distances, 
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but none of them are large and the heaviest is said to have 
weighed only half a pound. This particular pebble was 
tadiat at Riverton Beach, south coast of New Zealand, It is 


Pebble with stalked Ascidians attached. 


This drawing was prepared by Miss Beryl Parlane, a student of 
Professor Charles Chilton, M.A., D.Sc. 


rather flat and is probably beach worn; it measures 3 in. by 
24 in. by 14 in. I am enabled to give an illustration, the 
learned Professor having kindly supplied the printing block. 
Other smaller. pebbles seem to have come from rivers and 
been washed into the sea where the ascidians grew upon 
them. Two correspondents of Professor Charles Chilton are 
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Seaweed-borne stones, with seaweed attached, from the shore, Glenelg, 
Kyle of Lochalsh. 


Same stones after being brought to Edinburgh and kept some time. 
Weights.—1 Ib. 10 0z.; 24 1b.; 31b.140z.; 61b.20z.; 64]b.; 18% Ib. 
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quoted by him, namely, Mr. John Hardcastle of Timaru and 
Mr. C. D. Gilling also of Timaru. The former mentions the 
washing ashore, after a succession of southerly gales in 1912 
along many miles of shingly beach south of Timaru, of a large 
quantity of stalked ascidians which had grown in bunches, 
usually to the number of twenty or more to each bunch. A 
small proportion of them brought ashore pebbles entangled 
among their holdfasts. 

Mr. C. D. Gilling tells of the frequent stranding of many 
ascidians on the shingly beach north of Timaru. He sent 
many specimens to Professor Charles Chilton which were 
attached to smooth river- or beach-worn stones, most of 
which were much smaller than the one found at Riverton. 

In the aggregate these small pebbles, when floated along 
coasts and allowed to accumulate for long periods, may effect 
physical changes. However, the action of the floating power 
of seaweed must, as far as our present knowledge goes, be 
considered a very much more important factor. 

I have no doubt there is much still to discover about the 
physical changes that may be brought about by the floating 
power of seaweed. By drawing attention to the subject I 
trust that I may have interested some of you and that further 
discoveries will result. 


THE STRUCTURE OF CERTAIN PorIcIDAL ANTHERS. 
By J. R. Marruews and C. M. Mactacuan. 


(Read 14th February 1929.) 


The structure of the anther showing longitudinal dehiscence 
has been the subject of numerous investigations, and various 
workers have advanced different views regarding the actual 
mechanism involved. These have been conveniently sum- 
marised by Haberlandt (1914). Chatin (1870) gives a com- 
prehensive survey in his classical paper on the anther, and 
combats the theory put forward by earlier investigators that 
dehiscence is in all cases due to the hygroscopic movements 
of the fibrous layer. An important part of Chatin’s work is 
his demonstration that in a considerable number of flowering 
plants this fibrous layer is absent, and he assumes that in 
these cases, as also in forms having a normal fibrous layer, 
the several other tissues of the anther wall may be functional 
in effecting dehiscence. In this connection he states that the 
absence of a fibrous layer is frequently, though not con- 
stantly, associated with dehiscence by terminal pores, but the 
latter phenomenon he dismisses in a brief paragraph, distin- 
guishing two types which he designates “false porose ” and 
“true porose.”” The former is referable in its mechanism to 
ordinary longitudinal dehiscence, while the latter depends 
upon the destruction of tissue at a given point. Leclerc du 
Sablon (1885) rejects Chatin’s view regarding the réle played 
by the fibrous layer in bringing about longitudinal dehiscence, 
and while he recognises the two types of porose dehiscence, 
he challenges the statement that the feature is generally 
associated with the absence of a fibrous layer, and also the 
common belief that the true porose type is the more prevalent. 
He states that in the majority of cases dehiscence by apical 
pores is essentially a localised longitudinal dehiscence resulting 
from the drying and differential shrinkage of a fibrous layer © 
which is frequently restricted to the apex, but not uncommonly 
extends the whole length of the anther. 

Recent work on anther structure shows that even within 


the limits of a single family actual anthesis may be effected 
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in different ways. Details have been given by Namakawa 
(1919) for the Solanaceae, by Ziegler (1925) for the Mela- 
stomaceae, and by Matthews and Knox (1926) for the Ericaceae. 
In these families porose dehiscence of the anther is of frequent 
occurrence, but the formation of the pore and its mode of 
opening are by no means similar throughout. In the present 
paper an account is given of four species which possess porose 
dehiscence, the examples having been selected from widely 
separated families : Melastomaceae, Tremandraceae, Legumi- 
nosae, and Ochnaceae. 


TIBOUCHINA SEMIDECANDRA Cogn. 


A member of the Melastomaceae, this plant is a small tree 
bearing large purple flowers singly in the axils of the upper- 
most leaves or in terminal inflorescences. The androecium 
consists of ten stamens, which in the young flower are bent 
downwards due to a curvature of the filament, and the anthers 
fit into long pits in the wall of the torus (fig. 1). As the 
flower opens the filaments straighten and the anthers assume 
a more or less horizontal position. The filament is slender, 
about 2:5 cm. long, and to this the slightly curved anther is 
hinged (fig. 2). The hinge permits those remarkable changes 
in position which are assumed by the anther during the open- 
ing of the flower. 

In its lower half the anther is distinctly bilobed, but distally 
it becomes considerably narrowed and the bilobed structure 
disappears (fig. 3, i-viii). Of the four pollen sacs the dorsal 
pair are slightly the longer, and the apex of the anther con- 
stitutes a short, sterile prolongation of the connective which 
becomes conspicuously inflated in the mature stamen. De- 
hiscence is effected by the formation of a pore which develops 
on the ventral side of this distal prolongation. While the 
pore is really lateral in origin it is restricted to a position 
so near the tip of the anther as to be described usually as 
apical. 

A single vascular strand ascends the filament until near the 
joint, where it branches to form two laterals. These soon 
approximate, and two strands enter the connective at the 
base of the anther (fig. 3, viii). These then unite to form 
a single vascular tract, which passes upwards to the limit 
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of the ventral pollen sacs. The extreme apex of the anther 
is thus devoid of vascular tissue. 

In the young stamen the point of dehiscence is marked by 
a circular plate of tissue delimited by a fairly deep groove 
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Fies. 1-3.—Tibouchina semidecandra. Fig. 1, young stamen showing 
curvature of filament (x20); fig. 2, side view of fully expanded 
stamen (X20); fig. 3, a series of transverse sections of anther numbered 
from apex to base, the sections corresponding to the levels marked 
in fig. 2. In figs. 1 and 2 only a portion of the filament is shown. 


(fig. 3, i and ii). A transverse section through this region is 
shown in fig. 4, half of the section being drawn. On the dorsal 
side the epidermis consists of a regular layer of slightly radially 
elongated cells, while on the ventral side the epidermal and 
hypodermal layers consist of rather small, irregular cells 
having thin walls, dense protoplasmic contents, and large 
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nuclei. This tissue marks the position of the pore, and by 
its ultimate disintegration the pore is formed. It is similar 
in appearance to the tissue of the pore area in some Hricaceae, 


Fies. 4-8.—Tibouchina semidecandra. Fig. 4, transverse section through 
apex of anther showing structure of the pore area before dehiscence ; 
fig. 5, transverse section of young anther cut below the level of the 
pore, showing one of the dorsal pollen sacs and resorption band ; 
fig. 6, section through the pore area at a later stage than that shown 
in fig. 4; fig. 7, same as fig. 5 at an older stage; fig. 8, transverse 
section through apex of mature anther after dehiscence. All figures 
are X 205, and only the half anther is shown in each figure. 


and may be called resorption tissue. Below the level of the 
pore the resorption tissue ceases to be superficial. Traced 
downwards through the sterile apex of the anther it gradually 
becomes more deeply seated, until at the upper limit of the 
dorsal pollen sacs it appears as a narrow band traversing the 
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connective between the sacs (figs. 3, m1, and 5). At a lower 
level the continuity of the band is broken by the development 
of the ventral pair of sacs, but here segments of it persist, 
serving to connect the four sporangia. It is only in the upper 
part of the anther that this disjunctive tissue develops, mark- 
ing the position of the future pore, and extending down 
the anther just far enough to connect with the four pollen 
sacs. 

As the anther matures the most noteworthy change is the 
thickening of the epidermis. At the pore level the cells on 
the dorsal side become papillose, develop relatively thick outer 
and inner tangential walls, while the radial walls remain thin. 
The cuticle is well developed and is minutely papillose. The 
resorption tissue of the pore area and the epidermal cells 
covering it remain thin-walled (fig. 6). Below the level of 
the pore the epidermis forms a complete layer of somewhat 
flattened cells with thickened outer walls (fig. 7). 

Dehiscence of the anther is due primarily to the shrinkage 
and disintegration of the thin-walled resorption tissue, which 
commences first within the pore area. The absence of a 
thickened epidermis on the ventral side, where the opening 
occurs, will encourage this shrinkage as the anther matures 
and the tissues begin to dry. But the extensive dissolution 
of the soft parenchyma which eventually occurs suggests also 
the action of enzymes. In the upper part of the anther the 
septa between the pollen sacs break down, so that an open 
channel is established between the sacs and the exterior, allow- 
ing for the gradual liberation of the pollen. The structure of 
the open pore is shown in fig. 8. Finally, little remains save 
the framework formed by the thickened epidermis on which 
rigidity of the tip of the anther depends. The peculiar 
inflation at the tip is caused by the breaking or folding of the 
thin radial walls of the epidermal cells, allowing the convex, 
outer tangential walls to expand. The open pore thus forms 
a small sac or pocket at the apex of the anther, within which 
pollen grains may collect. 

Dehiscence in Tibouchina semidecandra appears then to be 
of the true porose type, and is essentially similar to Medinilla 
and other forms described by Ziegler, being due mainly to the 
destruction of a previously prepared tissue, and not to any 
mechanism located in a hypodermal fibrous layer. In fact, 
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no mechanical layer is formed, the sub-epidermal layer being 
indistinguishable from the underlying tissue. 


TETRATHECA PILOSA Labill. 


This is a small ericoid shrub belonging to the family Treman- 
draceae. The general structure of the stamen in this family 
has been described by Chatin (1870, 1874) and by Chodat and 
Balicka (1893), but no full account of any Species is given. 
The flowers in Tetratheca pilosa are solitary and axillary, borne 
on short pedicels on the ultimate branches of the plant. They 
are usually pendulous, but may become more or less hori- 
zontal due to crowding. The general form of the androecium 
and the structure of the stamen assume a greater biological 
significance, however, in the normal pendulous position of the 
flower. The androecium consists of eight stamens forming a 
close ring round the ovary, over which the inwardly inclined 
tips of the anthers approximate to form a “cone of disper- 
sion,” recalling the arrangement seen in Galanthus, Cyclamen, 
some of the Boragineae, most Ericaceae, and some other forms 
with pendulous flowers. 

The stamen is blackish-purple in colour, becoming paler 
distally and colourless at the tip. A stout filament bears the 
basifixed anther, which is about 3 mm. long, consisting of a 
basal fertile part and a distal, sterile portion 1 mm. in length 
(fig. 9). The vascular supply is a single strand passing through 
the filament and connective as far as the upper limit of the 
ventral pollen sacs, which are slightly longer than the outer 
pair. There is no vascular tissue in the distal prolongation 
of the connective. 

At the apex of this sterile column are two unequal lobes, 
and it is between these that a circular pore is established 
when anthesis takes place (figs. 10, i, and 11). Lower 
down the lobes unite laterally to form a circular structure 
as seen in transverse section, enclosing a narrow slit whose 
boundaries are the epidermal layers of the inner surfaces of. 
the lobes (figs. 10, ii, and 12). The slit is present at a very 
early stage, and is intimately connected with the opening of 
the ripe anther. At a lower level the adjacent surfaces of the 
slit approximate and ultimately fuse to form the solid column 
of tissue surmounting the fertile portion of the young anther. 
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As maturation proceeds the epidermal cells undergo con- 
spicuous thickening, especially on the outer tangential and 
radial walls (fig. 11). Where the lobes have fused, the hypo- 
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Fies. 9 and 10.—Tetratheca pilosa. Fig. 9, side view of stamen showing 
distal prolongation of anther, which forms the pollen-conveying tube 
and terminal pore (x33); fig. 10, a series of transverse sections through 


a young stamen numbered from apex to base, the sections corresponding 
to the levels marked in fig. 9. 


dermis, especially on the dorsal side of the structure, also 
shows pronounced thickening, forming a rigid plate in that 
part of the apex where dehiscence eventually occurs (fig. 12). 
Lower down the thickening of the hypodermal layer extends 
completely round the structure, and forms a strong, sclerotic 
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ring surrounding the pollen-conveying tube in the upper sterile 
part of the anther (fig. 13). In the region of the slit (fig. 12) 
the cells of the inner epidermis undergo thickening of the outer 
walls with a finely papillose, cuticular development, the 
thickening extending slightly to the radial walls. But at the 
corners of the slit the cells remain thin-walled. Accompanying 


Fies. 11-14.—Tetratheca pilosa. Fig. 11, transverse section through apex 
of anther showing the two rigid lobes which terminate the anther ; 
fig. 12, transverse section through the region of the pore before dehis- 
cence ; fig. 13, transverse section through the sterile distal prolongation 
of the anther, the central parenchyma disintegrating to form a cylinder, 
the completed stage of which is shown in fig. 14. (All figures x 150.) 


these changes there is an accumulation of dense, granular 
material especially in the cells of the hypodermal layer. This 
material stains deeply, and may play some part in those sub- 
sequent changes which lead to anthesis. 

Preparatory to the opening of the anther the soft paren- 
chymatous core of the sterile column begins to disintegrate 
(fig. 13). This dissolution of tissue proceeds until an open 
channel is formed, as seen in fig. 14, leading from the pollen 
sacs upwards to the base of the slit. In the region of the 
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slit, however, there is little destruction of tissue. The thin- 
walled parenchyma undergoes shrinkage, which causes break- 
ing of the tissue at the corners of the slit, and the two opposed 
inner surfaces are gradually pulled apart. The actual outlet for 
the pollen, at first appearing as a very narrow slit, thus becomes 
an open pore lined with a well-developed epidermal covering. 

Two distinct processes appear to play a part in the opening 
of the anther in Tetratheca pilosa, the first, probably chemical 
in nature, brings about the complete destruction of the 
internal tissue of the distal prolongation to form a pollen- 
conveying tube, and the second, the shrinkage of tissue in 
the apical part of the anther surrounding the slit which 
controls the final exit of the pollen. There is no active 
hygroscopic layer either in the epidermis or in the hypodermis. 
These tissues give mechanical rigidity to the device for pollen 
presentation, and it is clear that anthesis here does not con- 
form strictly to either of the two types of porose dehiscence 
described by previous workers. 


CASSIA AUSTRALIS Sims 


This plant, a member of the Leguminosae (Caesalpineae), 
is a small shrub bearing few-flowered, lax inflorescences in 
the axils of the uppermost leaves. The flowers are generally 
horizontal, but the stamens bend towards the anterior side 
of the flower and assume a horizontal position independently. 
The ontogeny of the flower has been investigated by Thompson 
(1925), who reports that the development in Cassia australis 
is fundamentally the same as 4n Cassia Fistula, which he 
describes in detail. Chatin gives an account of the anther 
structure in a few species, but no reference is made to 
C. australis, which seems to possess features of special interest. 

The general form of a stamen is shown in fig. 15. The 
filament is short and stout and the anther basifixed. The 
anther is markedly bilobed, each lobe having two sporangia, 
which extend from the base almost to the apex, the two dorsal 
sporangia being slightly the longer (fig. 16). Dehiscence is 
by means of two small sub-apical pores on the ventral side 
of the anther. From the base of each pore a conspicuous 
groove runs along the whole length of each lobe, and is very 
suggestive of a longitudinal suture. 
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In the young anther the apex consists of a solid cone of 
tissue, roughly hemispherical, as seen in transverse section, 
showing on the ventral side the two grooves already referred 
to (fig. 16, i, ii, iii). These grooves mark the future points 


Fics. 15 and 16.—Oassia australis. Fig. 15, general view of anther showing 
apical slits and longitudinal furrow (x15) ; fig. 16, a series of transverse 
sections through a young anther taken at levels indicated in fig. 15. 

of dehiscence. The detailed structure of this area is shown 

in fig. 17. The epidermis forms a regular layer lining the 

grooves and delimiting the whole structure. On the ventral 
side the hypodermis consists of large, radially elongated cells, 
except in the region underlying the groove. On the dorsal 
side the hypodermal cells are isodiametric. The general 


114 J. R. MATTHEWS AND C. M. MACLACHLAN 


matrix of tissue within shows several layers of small cells 
below and extending laterally from the groove, which are 
characterised by dense protoplasmic contents. This tissue is 
the first to undergo disintegration preparatory to the opening 
of the pore, and it may therefore be referred to as the 
resorption tissue. 

Growth and maturation of the anther is accompanied by 
marked thickening of the hypodermal cells (figs. 18 and 19). 
Those cells placed laterally to the stomial groove are thickened 
on their inner tangential and radial walls, like the annulus 
cells in a fern sporangium, and occasionally fibrous thickenings 
are laid down. The smaller hypodermal cells bordering the 
connective tissue, however, are uniformly thickened. In the 
pore area (fig. 18) there is no thickening of the hypodermis 
immediately below the stomium, for there the cells form part 
of the disjunctive tissue. A remarkable feature is the be- 
haviour of the epidermal cells at the base of the groove. 
These undergo division to form a plug of small, thin-walled 
parenchyma, which completely fills the pocket at the bottom 
of the groove (fig. 18). This parenchymatous plug is even 
more fully developed below the apical part of the anther, and 
it extends throughout the length of the fertile portion, filling 
up the base of the longitudinal furrow (fig. 19). Beneath this 
pocket of cells the hypodermis forms a band of somewhat 
thickened cells sharply separating the enclosed parenchyma 
of the groove from the underlying tissue of the septum between 
the pollen sacs. The clamp thus formed runs the whole length 
of the anther, being absent only from the short, sterile apex 
where the pore develops. It should also be noted that in the 
lower part of the anther (fig. 19) the thickened hypodermis 
consists of cells which are less elongated radially than the 
corresponding cells in the pore area. 

Dehiscence of the anther is preceded by disintegration of 
the resorption tissue underlying the stomium and lower down 
in the partitions separating the pollen sacs. _In the pore area 
all the resorption tissue and the adjacent thin-walled paren- 
chyma eventually break down. In this dissolution of tissue 
the small cells of the stomium are involved, and a fairly wide 
gap is formed by the continued contraction of the hypodermis 
functioning as a hygroscopic layer. The restriction of the 
pore to the apex of the anther is largely due to the clamp 
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formed by the hypodermis underlying the longitudinal groove 
throughout the lower part. In the dehisced anther the plug 
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Fies. 17—-20.—Cassia australis. Fig. 17, transverse section through apex 
of anther lobe in the region of the apical slit showing deep suture and 
resorption tissue; fig. 18 shows a later stage of development in the 
pore area; fig. 19, transverse section of anther lobe below the place 
of dehiscence showing disintegration of tissue between the pollen sacs 
and clamp formed by hypodermis round the suture ; fig. 20, transverse 
section of anther lobe after dehiscence. (All figures x 164.) 


of epidermal cells which block the groove disappears, but the 
clamp persists and bridges the gap. 

The mode of dehiscence is here apparently twofold, involving 
the destruction of tissue at a given point and the subsequent 
tangential shrinkage of the hypodermal layer at the same 
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point. While the hypodermis certainly operates as a me- 
chanical layer, it probably only serves to widen a slit already 
produced by the disappearance of the resorption tissue and 
the cells forming the stomium. The view may be advanced 
that in Cassia australis dehiscence of the anther by short 
sub-apical slits is associated with the loss of a completely 
functional endothecium and the presence of specially prepared 
disjunctive tissue in the region of the pore. Moreover, both 
epidermis and hypodermis along the line of the longitudinal 
sutures behave in a remarkable way. 


OcHNA SERRULATA Walp. 


This is a small shrub belonging to the family Ochnaceae, 
bearing bright yellow flowers in the axils of the leaves of the 
ultimate branches. The androecium consists of numerous 
stamens, the general form of the stamen being shown in 
fig. 21. The anther is basifixed and dehisces by two short 
apical slits. The pollen sacs extend almost the whole length 
of the anther, but the two inner sacs do not reach the base, 
and all four end just below the apex. 

In the young stamen the upper part of the anther is bilobed, 
each lobe having two lateral grooves which mark the place of 
dehiscence, but lower down the stomial grooves gradually 
become eliminated (fig. 22). The development of the anther, 
especially at the apex, follows a fairly normal course. Details 
of structure prior to opening are shown in fig. 23. The epi- 
dermis consists of relatively thin-walled cells,and those which 
define the stomium are small. The hypodermis differentiates 
to form a characteristic fibrous layer, save a few cells under- 
lying the stomium, which are small and unthickened. In the 
layer below the hypodermis, Chatin’s “ third membrane,” 
some of the cells are furnished with fibres. On the dorsal 
side of the anther a few cells of the connective become lignified. 

A difference in structure is seen below the place of dehiscence 
as shown in fig. 24. The epidermal cells, corresponding in 
position to the stomial groove, are radially elongated and 
slightly thickened. There is here no indication of stomial 
structure. Nor is the hypodermis so characteristically 
differentiated as a mechanical layer, for only some of the cells 
show fibrous thickenings, and the arrangement of these is 
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indifferent. In the hypodermal cells underlying the slight 
lateral depression fibres are generally though not consistently 


Fies. 21 and 22.—Ochna serrulata. Fig. 21, side view of anther showing 
terminal slits ( x 22); fig. 22, a series of transverse sections through 
young anther at levels indicated in fig. 21. 


absent, again suggesting the loss of a functional longitudinal 


suture. 

Dehiscence is apparently due to desiccation, bringing about 
contraction of the fibrous layer in the apical part of the 
anther, causing rupture of the thin-walled cells of the stomium 
(fig. 25). But in the lower part of the anther (fig. 26) this 
rupture is not effected. The mechanical layer, as already 
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described, is poorly developed and remains obsolete, and no 
stomium occurs. Thus, in Ochna serrulata, dehiscence is of 
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Fie@s. 23-26.—Ochna serrulata. Fig. 23, transverse section through apex 
of anther lobe where dehiscence occurs showing stomium and well- 
developed endothecium ; fig. 25, the same after dehiscence ; fig. 24, 
transverse section through anther lobe below place of dehiscence, 
showing absence of stomium and obsolete fibrous layer ; fig. 26, trans- 
verse section through lower part of mature anther. (All figs. x 166.) 


the false porose type, the restriction of the vertical slit to a 
subapical position being due to a localisation of the functional 
mechanism. 
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Discussion. 


The subdivision of porose dehiscence into two sharply 
defined types—true porose and false porose—as advocated 
by previous workers, cannot be strictly maintained. It is true 
that in Ochna serrulata dehiscence is of the false porose type, 
and there seems little doubt that we have here a derivative 
state, the opening by subapical slits having arisen from an 
original longitudinal fissure through failure of the mechanism 
in all but the distal part of the anther. The fibrous layer 
persists to the base, but in a functionally degenerate form, 
and the localised thickening of the epidermal cells along the 
sutures appears to be a strengthening of a previous line of 
weakness. The condition in Cassia australis is somewhat 
similar, although the end result has been attained along 
different lines. There is no typical fibrous endothecium, 
although occasionally fibrous thickenings develop in isolated 
cells, but the hypodermis, especially in the region of the pore, 
is so constructed as to function as a mechanical layer. The 
extension of distinct stomial grooves to the base of the anther 
is suggestive of an original longitudinal opening, but the 
remarkable plugging of the grooves and the development of 
a hypodermal clamp determine the localisation of the apical 
slits. In addition, Cassia australis shows a resorption tissue 
in the pore area, the disintegration of which is a preliminary 
step to actual anthesis. ; 

Leclere du Sablon, while recognising two types of porose 
dehiscence, subdivided the false porose forms into three groups, 
the first comprising those forms in which the fibrous layer 
extends the whole length of the anther, although it is functional 
only at the apex, as in Ochna serrulata; the second type 
where the fibrous layer is present only at the apex; and the 
third embracing such forms as have no fibrous layer, but 
dehiscence is still effected by a physical process located in 
the hypodermis. To the third group he refers Cassia eremo- 
phila, the species he investigated. 

If porose dehiscence is a derivative state, arising from a 
shortening of a longitudinal slit, two possible lines of develop- 
ment may be considered. If the original condition was one 
of dehiscence by longitudinal slits controlled throughout by 
an efficient mechanical process located in a fibrous layer, then 
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a restriction of the mechanism to the apical part of the anther 
would result in such forms as constitute Leclerc du Sablon’s 
first group, and the derived nature of the structure would still 
be evident. A further advance along this line, resulting in 
the elimination of the mechanical layer except at the apex, 
would give rise to his second group. On the other hand, if 
the original condition was one in which the mechanism of the 
fibrous layer was not highly evolved and effective, and accord- 
ing to Chatin such forms are not rare, then dehiscence restricted 
to the apical part of the anther might be accompanied by 
some further device to secure successful pore formation. This 
seems to be achieved by the resorption of tissue at a given 
point, and it is not impossible that certain true porose forms, 
for example in some of the Ericaceae and Melastomaceae, 
may represent the climax of such a line of development. 
Cassia australis would indicate an intermediate stage in such 
a transition. 

In this connection the structure of the anther in Galanthus 
is of interest in that it provides an example of what appears 
to be an early stage in the transition from dehiscence by 
longitudinal slits toa porose type. For a full account reference 
may be made to the work of Troll (1928), but a short statement 
may here be made based on our own observations, which were 
made before Troll’s paper came to our notice. Church (1908) 
refers to the tendency in the snowdrop to restrict the shedding 
of the pollen to the distal portion of the anther, thus con- 
stituting a sprinkling apparatus in the pendulous flower. 
Dehiscence is functionally if not morphologically porose. The 
anther is broad at the base, tapering towards the apex to 
form a short, sterile point. Transverse sections through this 
apical part show it to be roughly hemispherical in outline, 
having on the dorsal side a narrow band of sub-epidermal 
tissue composed of cells whose inner tangential and radial 
walls are conspicuously thickened, recalling, as Troll points 
out, the cells of a fern annulus. This band functions as the 
mechanical layer, but there is also the suggestion of resorption 
tissue in the region of the stomium. In the fertile part of the 
anther the wall is composed of epidermis of strongly papil- 
lose cells and hypodermis of tangentially elongated cells, 
thickened on the radial and inner walls. This thickened hypo- » 
dermis Is incomplete, however, for near the stomium the cells 
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are thin-walled. Towards the base of the anther the differ- 
ential thickening of the hypodermal layer disappears. When 
dehiscence occurs the thin-walled tissue at the sterile apex 
breaks down, and the contraction of the hypodermal layers 
causes rupture of the stomium and separation of the valves. 
Below the apex the contraction is not enough to bring about 
an efficient longitudinal slit, and in the basal part of the anther, 
where the endothecium is rudimentary, the four pollen sacs 
remain distinct and no rupture occurs. It would appear that 
the abortion of a functional endothecium already apparent 
at the base has only to progress distally to complete the 
transition from functional to morphological porose dehiscence 
of the anther. The sterile apex with local disintegration of 
tissue is already present. 


SUMMARY. 


The structure and dehiscence of the anther in four species 
selected from different families is described. 

In Tibouchina semidecandra the anther opens by a terminal 
pore through the dissolution of a previously prepared tissue. 
There is no mechanical layer present, and dehiscence conforms 
to the true porose type. 

The structure in Tetratheca pilosa recalls that of some of 
the Vacciniaceae described in a previous paper.: A sterile 
column surmounts the fertile portion of the anther, indicating 
sterilisation of originally fertile tissue. At the apex of this 
column a narrow slit is present which eventually opens to 
form a circular pore for the liberation of the pollen. Connec- 
~ tion with the pollen sacs is established by the formation of a 
channel which passes through the sterile prolongation, which 
thus becomes a pollen-conveying tube. 

In Cassia australis and in Ochna serrulata dehiscence is 
referable to the false porose type. In the former no fibrous 
layer develops although the hypodermis in the apex of the 
anther functions as such. The restriction of the slit to a sub- 
apical position is largely due to a hypodermal clamp, which ~ 
prevents separation of the valves in the lower part of the 
anther. In Ochna serrulata a typical fibrous layer appears in 
the upper part of the anther where dehiscence is effected, 
but lower down it is more or less obsolete, and failure to 
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function is partly due also to a change in structure in the 
epidermal cells along the line of the original longitudinal 
suture. 

The paper concludes with a short discussion in which it 
is suggested that porose dehiscence has been derived from 
longitudinal dehiscence through shortening of the longitudinal 
slit, and the view is held that this shortening and the final 
establishment of terminal or subapical pores has been reached 
in different ways. 
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Notes on THE INTRODUCTION AND DISTRIBUTION OF THE 
Ivy-LeavepD Toap-Fiax (Linaria Cymbalaria Mill.) 1 
Scortanp. By Hucu Boyp Warr. 


(Read 14th February 1929.) 


The accepted belief has been that Dillenius in the year 1724 
was the first recorder of this Species as a British plant (see 
Trimen and Dyer’s “ Flora of Middlesex,” 1869, p. 199, and 
other authorities). He considered that the Physic Garden at 
Chelsea was the place from whence this plant, a native of Italy 
and of South Europe, originated in England, or at all events 
about London. It has, however, recently been ascertained 
from John Goodyer’s notes that its first introduction was into 
William Coys’ garden at Stubbers, North Ockington, Essex, 
in the early seventeenth century, and that it was planted in 
Goodyer’s garden, Droxford, Hants, in 1618.1 From thence 
it became dispersed over the British Isles, It is a prolific 
flowerer and well deserves the name of Mother of Thousands, 
by which it is known in the west of England. Other 
vernacular names are Roving Jenny and Roving Sailor. 

In Scotland, as might be expected, the plant is not men- 
tioned in the works of the pioneers of Scottish botany—John 
Reid, “ The Scots Gard’ner ” ( 1683) ; Robert Sibbald, “‘ Scotia 
Illustrata ” (1684): and John Lightfoot, “Flora Scotica ” 
(1777). The Edinburgh Botanic Garden was founded in 167 0, 
and by 1683 is said to have contained three thousand species of 
plants, but this Linaria is not named. Mr. J. R. Matthews, 
Royal Botanic Garden, Edinburgh, tells me that he has no 
knowledge of the plant’s introduction to that Garden, but since 
the Garden has occupied its present site for just over a century 
its cultivation would not date so very far back. He also says 
that it is just possible that the plant was cultivated in one or 
other of the other gardens before removal to Inverleith Row. 

The probability is that it was brought into Scotland as a 
garden plant during the period when planting and gardening 

* R. T. Gunther, “Early English Botanists” (1922), p. 164. Mr. 
Gunther adds that the first mention of English Cymbalaria is in Coys’ 
Garden List of 1617, p. 317. 
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came into vogue about the beginning of the eighteenth century, 
but the first Scottish record is in Thomas Hopkirk’s “ Flora 
Glottiana ”’ (1813) at Bothwell Castle on the Clyde, where it 
continues at the present time. I have to thank my old friend, 
the late John Paterson, for telling me of this. Sir W. J. 
Hooker, in “ Flora Scotica’’ (1821), considered it very rare, and 
mentions the Bothwell Castle station, as does Hennedy’s 
“Clydesdale Flora’ (1878), and the last named has the 
further note, namely, “garden walls in various places.” 
Patrick’s “ Flora of Lanarkshire ” (1831) contains the species. 
The “Annals of the Andersonian Naturalists’ Society,” 
Glasgow (1893), note its occurrence at Chatelherault (Cadzow), 
Lochwinnoch, and Balloch Castle, and the British Associa- 
tion Handbook on the Clyde Area (1901, p. 123) records the 
species in four divisions. My own first acquaintance with this 
attractive species was on the occasion of an Andersonian 
Naturalists’ Society excursion to Chatelherault about forty 
years ago, when its abundant festoons of delicate pale purple 
flowers were a delight to the eyes. 

The species is well distributed in the Clyde area, and I am 
indebted to observers in the above-named Society for the 
following information. 

At Barncluith (Hamilton) it has spread so much over the 
old gardens that it recently had to be cleaned off the walls as 
a troublesome weed. In Upper Clydesdale it occurs so far up 
as near Elvanfoot (Dr. Donald Patton). In Renfrewshire it 
is recorded as rare, but on the walls of the old Collegiate Church 
at Lochwinnoch it used to be plentiful, and probably is so still. 
In Dumbartonshire it is found on the kitchen walls at Balloch 
Castle, and at Rhu it is remarkably abundant on walls. At 
Garelochhead and at Ardmay, below Arrochar, it has been 
long known to Mr. John R. Lee. Mrs. P. Ewing reports that 
she found it at Kilmun, Argyllshire, first about the year 1884, 
since when it has spread and is now abundant there. Dr. 
Patton reports its abundance in the Island of Bute. In 
Ayrshire the species is recorded as an alien. Farther south it 
is described as an outcast or escape in Dumfriesshire and Kirk- 
cudbrightshire, and localities mentioned are Kirkcudbright, 
(1882; Dumfries, 1890; and Wigtown, 1893. In Peeblesshire it 
is noted as common on walls, but originally introduced. In 
the eastern Border counties, Linaria is recorded previous to 
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1853 as “ established in so many gardens, on walls, ete., that 
its eradication would be difficult. It is a favourite window 
flower with cottagers.”” North Berwick is another locality 
named farther north. 

In the Forth area there are early records in the works 
of James Woodforde and Greville, both dated 1824, and the 
Stations named are the debris of Salisbury Craigs, wall near 
Newhaven, and new road to Portobello, Trinity Mains. Miss I. 
Martin (1927) says that the species is frequent, and the locali- 
ties show that it occurs on or about all the old castles and 
similar buildings of the district. 

In the vicinity of Larbert, Stirlingshire, it occurs on a wall 
round a wood, well away from gardens. Instances of this 
character, some distance away from possible centres of cultiva- 
tion, are exceptional. 

In Perthshire it is recorded as naturalised on some old walls, 
and in Forfarshire there was only one record in 1848, The late 
Dr. William G. Smith of Edinburgh told me that at a later 
date he knew this station and that the plant now occurs in 
other places in Forfarshire, but not in so many as in the 
Lothians. Stations named by another observer are at a small 
village near Montrose and on a garden wall at Bervie in 
Kincardine. 

In Aberdeenshire it is recorded, previous to 1853, for the Den 
of Rubislaw and on old walls, but always the outcast of a 
garden, and at a later date Ferryhill and elsewhere around 
Aberdeen are named. The “ Trail Memorial Volume ” (1923) 
gives five stations in Aberdeen, and the species occurs in only 

_one, doubtfully two, parishes adjacent to Aberdeen. 

In Banffshire the parishes of Fordyce, Banff, Gamrie, Alvah, 
King Edward, Rothiemay, and Aberlour are named. The 
parish of Fyvie is named by the late Professor Trail. 

There is an early record from Elginshire, namely, on the wall 
at Gordon Castle, 1832; rare and certainly introduced. 

On the north-west coast the only report I have is that the 
Species occurs on an old castle in West Ross-shire, and in 
various places in the west, Loch Duich and elsewhere. 

Farther south it occurs on walls near Oban, Argyllshire. 

The list annexed names the authors from whose works 
information has been collected, but this does not make any 


claim to be exhaustive. 
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I have also gratefully to acknowledge assistance kindly 
given by the late Dr. William G. Smith of Edinburgh ; Mr. 
J. R. Matthews of the Royal Botanic Garden, Edinburgh ; and 
Mr. John R. Lee of Glasgow, without whose help these notes 
would have been much less complete. 
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Cork FoRMATION IN RHODODENDRON. 
By C. Marton Baron. 


(Read 16th May 1929.) 


The formation of cork in the stem of most species of Rhodo- 
dendron is of two kinds; firstly of pericyclic and later of 
cortical origin. The pericyclic cork is formed early in the 
green stem, usually appearing first behind the gaps between 
the masses of pericyclic fibres. It quickly forms a cylinder, 
2-3 cells wide, of suberised rectangular cells, completely 
enclosing the stele, often before the pericyclic fibres are fully 
developed. In a very few species, such as R. primulinum, 
R. obtusum, and R. longistilum, this cork layer apparently acts 
as an effective barrier between stele and cortex, the latter 
being cut off from supply and dying off gradually down the 
stem. This is evident on the external surface of the stem some- 
times as a gradual transition, sometimes as a definite junction 
of green and brown colour. The species which show only this 
pericyclic cork appear to be those which possess a very narrow 
cortex and a particularly early development of cork in the 
young stem. In R. primulinum, for example, the cork layer 
when fully developed (3-4 cells wide) may measure:as much as 
half the width of the entire cortex, while in large stems, like 
that of R. fulgens, the width of the cork layer is about 1/40th 
or less of that of the cortex. 

This effect, however, produced on the cortex by the peri- 
cyclic cork only, seems to be exceptional. The majority of 
stems show a sharp junction of green living tissue and brown 
withered bark, usually in the basal part of the last year’s 
growth. This junction runs irregularly round the stem, often 
extending for several inches up on one side. Below the junc- 
tion, patches of living green tissue, varying in size, can often 
be found enclosed in the dead bark. These occur sporadically, 
sometimes but not necessarily connected with old leaf or bud 
traces. ‘The bases of the older leaves are often surrounded by 
similar patches of green tissue where the rest of the stem is 
brown ; these turn brown some time after the leaf has fallen. 

Transverse sections taken across the junction from above 
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downwards show an unusual development of cortical cork. 
Some time after the pericyclic cork layer is complete, the cells 
between the pericyclic fibres on one side of the stem, and then 
those immediately outside them, become lightly suberised 
(fig. 1,1, and fig. 2). These cells proceed to divide tangentially, 


| 
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Fie. 1.—Diagram to show stages of cortical cork development, passing 
down the stem. Pericyclic fibre masses indicated in black, dead cortex 
‘in horizontal lines, cork in dotted lines. 


and the sclerenchyma masses thus become enclosed on all 
sides by a layer of cork, 2-3 cells deep (fig. 1, ii). The cortex 
immediately outside this becomes closer in texture and shows 
a great accumulation of starch. Passing farther down, almost 
into the brown portion of the stem, this meristematic activity 
affects the cortex farther and farther out, until eventually two 
ares of cork tissue are formed (fig. 1, ili, iv, and v). These take 
a curved, oblique course through the cortex from the inner cork 
cylinder to the epidermis, cutting off between them a mass of 
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cortex which quickly dies. New phellogen layers arise in the 
same way in the still living cortex (fig. 1, vi), and each is 


Fig. 2.—Camera lucida drawing, showing suberisation of the cells between 
and outside the pericyclic fibres. 
c=living cortical cells ; t=pericyclic fibres ; s=suberised pericyclic 
cells ; s,=suberised cortical cells ; k=pericyclic cork cylinder. 
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Fie. 3.—An advanced stage in cortical cork formation. 
c=living cortex ; c,=dead cortex ; k=pericyclie cork ; k,=cortical cork ; 
f=pericyclic fibres ; e=epidermis. 


accompanied by a heaping up of starch in the adjacent cortical 
cells. Fresh masses of cortex are thus cut off, until the two 
phellogen layers meet and coalesce on the opposite side of the 
stem from which they arose. At this point the whole of the 
external surface of the stem appears brown, a small patch of 
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central cortex being the only living tissue left outside the stele 
(fig. 1, viii). This becomes smaller, and the final stage of 
meristematic activity is seen in the small patch of suberised 
cortical cells at the base of the junction. The whole of 
the cortex below this level is completely dead and devoid of 
contents. 

This method of cork formation in Rhododendron was in- 
vestigated on account of some work published by Priestley (1) 
in which he correlated the pericyclic origin of the phellogen in 
the stem with a functional endodermal barrier, the latter 
causing accumulation of sap inside the stele and thereby 
determining the position of any future meristematic activity. 
In a later paper (2) Priestley expresses the opinion that the 
pericyclic fibres function in the same way. In Rhododendron, 
however, the fibres very rarely form a continuous band, and 
further, the pericyclic cork layer is often completed some time 
before the fibrous layer. Of greater interest in this con- 
nection is the development of several phellogen layers in a 
cortex which is still green and living for an indefinite time 
after the completion of the pericyclic cork cylinder. To 
account for this, two alternatives may be suggested; either 
the cork cells formed by the pericyclic phellogen are not com- 
pletely impermeable, or else the extent of conduction in the 
cortical cells is greater than has hitherto been supposed. 

My thanks are due to Professor Wright Smith, of the Royal 
Botanic Garden, for providing facilities for this investigation, 
and to Dr. Graham for invaluable suggestions throughout the 
work. 
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VACCINIUM INTERMEDIUM RUTHE ON THE SoutTH PENNINE 
Moors anp on Cannock CHASE. By W. Ba.rour 
Gour.ay, M.A. (With Pl. XT.) 


(Read 27th June 1929.) 


Vaccinium intermedium of Ruthe—a natural hybrid between 
the bilberry, blaeberry, or whortleberry (V. myrtillus Linn.), 
and the cowberry (V. vitis-idaea Linn.)—has been reported 
from a few places only in Europe and Great Britain. On 
Cannock Chase in Staffordshire, however, it is by no means 
rare. I was fortunate in seeing a good deal of it in that 
area when military duties kept me stationed there during 
the greater part of the year 1919. Before leaving Cannock 
Chase I knew at least thirty separate sites of the plant (1). 
Considering its comparative abundance on Cannock Chase, I 
often wondered whether the hybrid could really be as rare 
elsewhere as it was reputed to be. However, since 1919 I 
have wandered in uplands covered with ‘bilberry and cow- 
berry in Scotland, Switzerland, Norway, and North Russia, 
but in none of these countries have I seen a trace of the 
hybrid. It would be interesting to know why this plant 
should be comparatively common on Cannock Chase and 
extremely rare elsewhere. 

In June 1928 I paid a visit to the garden of an acquaintance 
who lives at Whirlow, a suburb of Sheffield. My host had in 
his fine rock-garden a border of cowberry, but complained 
_ that bilberry was always cropping up among it and replacing 
the cowberry if not eradicated. “ Here,” I remarked, ‘“ we 
might find the hybrid, but are not in the least likely to do so.” 
The words were scarcely out of my mouth when I noticed a 
patch of it, and then another and another—four or five in 
all! These patches of Vaccinium intermedium were so distri- 
buted as to make it almost certain that the hybrid plant, like 
the bilberry, had been accidentally introduced along with the 
cowberry from its wild moorland home. 

I had no opportunity of going farther into the matter at 
the time, as I was paying but a hurried passing visit, but 
returned to the garden and its problem a month later. My 
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host then informed me that, some twenty or twenty-five years 
previously, a neighbouring farmer had supplied him with the 
cowberry plants; and that, moreover, this man was still alive 
and doubtless able to point out the spot where he had obtained 
them. This proved to be so. The farmer had obtained the 
cowberry plants near a disused quarry, whose position he 
described so accurately that we found it without difficulty. 
Near one end of the quarry was growing a patch of Vacciniwm 
entermedium of some fifty or more square yards in extent. The 
site is about six miles south-west of Sheffield, on the Hallam 
Moors, from a mile to a mile and a half south of Redmines 
Reservoirs and just south of the Yorkshire-Derbyshire county 
boundary—and consequently in the latter county. A few 
hundred yards away, on the track leading (via Ringinglow Inn) 
to Sheffield, was another small patch of the hybrid Vaccinium. 
The track at this point coincided with the county boundary, 
and the plant, growing as it did on the north side of the track, 
was consequently in Yorkshire. (It is more than probable 
that some twenty or more years ago the farmer, with his cart 
full of cowberry plants, had discarded by the wayside what 
he considered an atypical sample, which, however, grew and 
flourished where thrown aside.) On the neighbouring moor- 
lands bilberry and cowberry grew together abundantly, but 
none of the hybrid could be found. 

In March 1929 I happened to be walking over the Midhope 
Moors, some ten miles or so N.N.W. of the aforementioned 
spot. Though bilberry and cowberry were everywhere abun- 
dant, I had to walk several miles before detecting a small 
patch of the hybrid growing under a stone wall some one and a 
half to two miles south or south-west of the village of Langsett 
(South Yorkshire). 

It was curious to note (in 1919) that the Staffordshire plants 
of Vaccinium intermedium almost invariably grew where some 
disturbance of the ground had occurred, as was also the case 
in the Hallam Moor patch found growing about an old quarry. 

Vaccinium intermedium is easily seen in winter or early 
spring, as it retains most of the leaves of the previous season, 
while the stiff, angular bilberry stems are then leafless. The 
leaves of the hybrid plant are thinner, less glossy, and more 
pointed than those of cowberry, from which it also differs in 
having the leaf margin serrated and not revolute. The terete 
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stems of the two plants are similar, though the upper twigs 
of V. intermedium are often slightly angular. 

The Hallam and Midhope Moors in the South Pennines are 
on a millstone grit formation, while the Staffordshire sites 
of Vaccinium intermedium—Cannock Chase and the more 
northerly Whitmore district—are on pebble beds and bunter 
sandstone. 

Johann Friedrich Ruthe discovered Vaccinium intermedium 
not far from Berlin in 1826, and described and figured the 
plant in his “ Flora of Brandenburg ” (2). In 1870 Mr. Ball, 
F.R.C.S., noted a strange Vaccinium growing in Maer Woods, 
near Whitmore in north-west Staffordshire. He sent specimens 
of it to Mr. Robert Garner, who, believing this plant to be a 
hybrid between the bilberry and cowberry, showed it as such to 
the Linnean Society in March 1872. But, unfortunately, the 
Society was not convinced by Mr. Garner’s arguments, and 
recorded their opinion that the plant was “a luxuriant state 
of V. Vitis-idaea, due to situation, rather than a hybrid ” (3). 
Professor T. G. Bonney found Vaccinium intermedium on Can- 
nock Chase in 1886, Mr. N. E. Brown recording this dis- 
covery (4). Mr. Garner then submitted his plants from Maer 
Woods to Mr. Brown, who identified them as undoubted 
examples of Vaccinium intermedium Ruthe (5). 

Charles Darwin often stayed with his relatives, the Josiah 
Wedgwoods, at Maer, and it was perhaps on one of these 
occasions that Mr. Garner showed him a specimen of the 
hybrid Vaccinium. Darwin, considering the shrivelled pollen 
grains, which Mr. Ball had also noted, stated that the plant 
would probably prove to be sterile (6). 2 

The Staffordshire plants that I observed in 1919 all showed 
sterility in varying degrees. To quote from my notes, made 
at the time: “I have found large patches of the hybrid with- 
out sign of flowers or of the plum-violet coloured fruits; and 
from a comparatively small patch (measuring 3 by 7 yards) 
I have picked over 200 ripe berries without exhausting the 
supply. One hundred of these berries, however, only yielded 
209 apparently well-developed seeds, against more than 300 
seeds from 100 berries collected at random from a variety of 
patches. (Bilberry and cowberry fruits showed a much 
higher percentage of good seed.) The small hybrid patch, 
yielding much fruit but little seed, was a mere isolated 
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remnant round which a moorland fire had swept, and was an 
almost pure growth of the hybrid, containing but a trace of 
cowberry at one spot. Nine yards away a few small plants 
of bilberry had survived ” (1). 

Seeds from the isolated hybrid patch were sent to the 
Edinburgh Botanic Garden on 25th August 1919 and sown in 
a pan (see Plate XI, A). Seeds collected at random from various 
patches were also sent there and sown in a separate pan (see 
Plate XI, B). The results were strikingly different. From the 
isolated patch sprung a few very feeble hydrid seedlings (Aa), 
and one thriving plant which was indistinguishable from cow- 
berry (Ab). The seeds collected at random produced many 
luxuriant seedlings showing considerable variety in habit and 
in shape of leaf, ete. ; yet all were undoubtedly examples of 
V. intermedium, as could be seen by the terete stems associated 
with serrated leaf margins. (After this I went abroad and 
lost trace of the further progress of the seedlings.) 

During a visit to Washington, D.C. (U.S.A.), in the autumn 
of 1922 J met Mr. Frederick V. Coville, a Government botanist 
of the Agricultural Department. Mr. Coville had been making 
experiments in the cultivation of “ blueberries’ (Vaccinium 
corymbosum Linn.), and found that this species is sterile to its 
own pollen, 7.e. to pollen from flowers of the same individual 
plant (7). Mr. Coville told me about an allied plant in North 
America, the “ box huckleberry ” (Gaylussacia brachycera Torr. 
et Grey), which shows a striking resemblance to Vacciniwm 
imtermedium in its mode of occurrence. In 1919 only two 
plants of the box huckleberry were known to exist wild in 
North America. In Pennsylvania there is an enormous plant of 
it, with a spreading but sharply defined margin, which occupies 
an area of about eight acres, and is estimated to be over one 
thousand years old. Its spread, by creeping rootstocks, is held 
up on one side by a tiny stream which it cannot cross. It pro- 
duces flowers and fruit in abundance, but no seedlings can be 
found. In 1918 Mr. Coville collected and planted under good 
conditions 1600 seeds, but obtained only three feeble seed- 
lings (8). A similar plant of box huckleberry is known in Phila- 
delphia, but occupies only twenty feet square. (The largest 
plants of Vacciniwm intermedium which I found on Cannock 
Chase occupied about a third of an acre.) The vegetative 
vigour of the plant, combined with its sexual sterility, suggested 
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to me that Gaylussacia brachycera might be an hybrid; but 
Mr. Coville thought not, as no likely parent forms occur in 
its neighbourhood. He considered it probable that the two 
plants were originally chance seedlings from seeds carried by 
birds beyond the original main range of the species, and that 
the latter might all have been wiped out of existence at a 
later date by some destructive insect or fungus. 

Mr. Coville’s experiments with Vaccinium corymbosum and 
Gaylussacia brachycera suggest a possible explanation of why 
Vaccinium intermedium is everywhere extremely rare except 
in one or two such favoured places as Cannock Chase and 
Maer Heath, where it is relatively common. 

Original hybrids probably occur infrequently and far apart. 
If sterile to their own pollen they could then increase only in 
size, but not in numbers. Cross pollination of the hybrid 
with bilberry or cowberry may perhaps reproduce, if any- 
thing, only bilberry or cowberry. But if, say, on Cannock 
Chase or Maer Heath separate acts of cross pollination of 
cowberry and bilberry had happened to occur near together, 
the resulting hybrids might then be able to reproduce their 
kind, and perhaps tend to increase. It is even possible that 
some of the hybrid patches on the Chase may consist of more 
than one plant, and so (unaided by pollen from elsewhere) 
may produce fertile fruit. Seeds of such fruit would be 
carried by birds to various parts of the Chase. ‘And, more- 
over, the resulting vigorous hybrid seedlings might gain an 
advantage over their young bilberry or cowberry competitors 
were they to occupy newly broken ground where they could 
establish themselves and assert their superior vigour. (Cannock 
Chase being as popular for military manceuvres as for the 
holiday picnickers, is peculiarly liable to such local disturbance.) 
And so we could account (1) for the usual rarity of Vaccinium 
intermedium except in favoured spots such as Cannock Chase 
and Maer Heath, and (2) for its usual occurrence on artificially 
disturbed or otherwise newly broken ground. 
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PRELIMINARY REPORT ON A VARIETY OF RED (CURRANT 
Resistant To WeyMoutTH Prive Rust. By Gienn 
GARDNER Haun, B.Sc., M.Se., Ph.D. (With Pls, XIT- 
XIII.) 

(Read 27th June 1929.) 


Wild-growing Ribes in Europe may be regarded as neghi- 
gible in their influence upon the distribution of Cronartium 
ribicola Fischer, which causes the destructive disease of the 
Weymouth (Pinus strobus L.) and other five-needled pines. 
This heteroecious rust, which alternates in its life-cycle between 
pines and species of the Grossulariaceae, is comparatively new 
to North America, where it was introduced upon diseased 
nursery stock from Europe. In Britain, Professor Somer- 
ville stated in 1909 that the future for Weymouth pine was 
hopeless because of the rust. Cultivated Ribes, including 
gooseberries, red and white currants and the black currant 
(A. nigrum L.), are generally grown on this side of the Atlantic ; 
the last-named species is so prevalent that, according to 
Spaulding (7), practically all the damage from C. ribicola seen 
by him in the British Isles and on the Continent may be 
attributed to this alternate host. 

In contrast with the abundance of cultivated Ribes and the 
negligible number of wild species in Kurope, the wild Ribes 
in North America are commonly the controlling factor in the 
spread of the rust. At the same time, the United States in 
its control programme of the white-pine blister rust (as the 
disease is known there), has been forced to reckon with the no 
less important but considerably smaller number of cultivated 
Ribes. In certain areas these as well as the wild species 
have been summarily eradicated, particularly the extremely 
susceptible R. nigrum, the most serious malefactor in the 
spread of the disease which is now established in the very 
valuable eastern and western white-pine forests of the United 
States (3). 

Extensive investigation in the United States has been 
directed toward the determination of the estimates of the : 
susceptibility to white-pine blister rust, of the various wild 
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and cultivated species and varieties of Ribes growing there in 
association with five-needled pines. It has been the experience 
of workers in this particular field that, generally speaking, 
Ribes species are decidedly susceptible to C. ribicola. Only 
a few species have been discovered which have remained 
immune in the tests of artificial inoculation. It has been 
found that the varieties of a cultivated species run fairly 
true to the species as a whole. What variation in suscepti- 
bility occurs depends upon their mixed parentage. Amongst 
the large number of varieties of the cultivated red and white 
currants tested, Spaulding (6) reports the following as resistant 
but not entirely immune: Eyatt Nova, Franco-German, 
Holland, Rivers Late Red, and Simcoe King. The author 
found only three varieties—Holland, Franco-German, and 
Victoria—to be immune amongst a large number of varieties 
tested.1_ These later tests, which were limited, must necessarily 
be repeated under rigorously controlled conditions, providing 
at the same time the most favourable stages of leaf develop- 
ment for the attack of the fungus, before a definite statement 
can be made concerning the type of infection. This applies 
particularly to the variety Victoria of the R. rubrum and 
hybrids group, which is regarded by Thayer (8) as pro- 
bably identical with the well-known English variety, Raby 
Castle, which both Spaulding and the author found to be 
susceptible. 

Authorities on the origin of the red and white currants are 
in agreement, as a result of their investigations, that these 
horticultural varieties are of mixed and badly confused 
parentage (1, 2, 8). The general conclusion seems to be that 
certain varieties sprang from each of the three species, R. 
satvoum (Rchb.) Syme (R. vulgare Lam.), R. rubrum L., and 
R. petraewm Wulf. It is here interesting to note that among 
the resistant varieties discovered by Spaulding and by the 
author, the following varieties belong to the R. petraeum and 
hybrids group—Holland, Franco-German (regarded as synony- 
mous with Holland by Thayer), and Rivers Late Red. While 
Spaulding (6) and the author in this paper report R. petraeum 
as susceptible to C. ribicola, resistance to the rust would 
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appear to be a dominant character amongst certain of the 
cultivated hybrids of the Petraewm group. 


_ RESISTANCE OF THE Norwecian Rep DurcH VARIETY. 


In 1927 the author, while studying the Douglas fir canker 
and European larch canker diseases in Norway, visited the 
Agricultural College at As, in company with Mr. Ivar Jorstad, 
the Government mycologist for Norway. Mr. Jorstad called 
attention to a variety of red currant regarded by him as being 
resistant to white-pine blister rust. The resistance shown by 
the variety was very evident. Conditions for rust infection 
were very favourable during the year 1927 in Norway, and 
Tusts were everywhere abundant. The writer observed, how- 
ever, that the plants of this Red Dutch variety were appar- 
ently quite free from infection, whilst leaves of plants of 
the variety White Dutch, in the nursery row immediately 
adjoining, were moderately to heavily infected. 

Inasmuch as the author had previously tested the Red 
Dutch variety in the United States and found it to be suscep- 
table to white-pine blister rust, he became especially concerned 
in ascertaining the identity of this resistant Red Dutch 
variety from Norway. It is here of interest to note that 
Thayer (8) in his treatise on the red and white currants with 
regard to their history, varieties, and classification, makes the 
following statement concerning the Red Dutch variety :— 


“It is probable that this variety shares with the White 
Dutch the honour of being the oldest currant known, always 
excepting, of course, the parent stock or ‘Common Red.’ 
The name Red Dutch first appears in print in 1670 or 1690. 
It is not to be supposed that the Red Dutch as grown to-day 
is the same as the Red Dutch of two centuries ago. In fact, 
the Red Dutch as grown in America and the Red Dutch 
(Hollandische Rote and Rouge de Holland) of continental 
Kurope belong to different species, while we have received 
plants from England under the name Red Dutch belonging 
to still a third species. Mr. E. A. Bunyard’s description of the 
Red Dutch of England seems to tally with the variety as 
grown here. He holds the Red Dutch of the continent to be 
the same as the Rivers Late Red, Prince Albert, or Verriéres 
Rouge. On the other hand, Mr. A. F. Barron, in reporting on 
the trial plots at Chiswick, England, gives Fertile d’Angleterre, 
Fertile de Palnau, Fertile de Bertin, La Hative, Hative de 
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Bertin, Bertin No. 9, Belle de St. Gilles, Chenouceau Grosse 
Rouge de Boulogne, Queen Victoria, and Red Grape as 
synonyms of Red Dutch, and describes the plant as follows: 
‘ The plant is of a dwarf and somewhat slender habit of growth, 
never attaining a large size. The leaves are broad and flat, 
deep green, having a sort of metallic glacous hue, which renders 
it In appearance quite distinct. The synonyms here given 
are all referable to this one variety, which is the one generally 
grown and known in this country as the Red Dutch.’ This 
tallies with the plant received from England under this name. 

“In America we find the Red Dutch catalogued as far 
back as 1823, although it was probably grown long before that 
date. In the Magazine of Horticulture for 1842 is a good, 
though incomplete, description : ‘ Clusters long, berries large ; 
growth of the plant strong and upright, exceedingly productive, 
and one of the very best sorts.’ In 1854 John Saul of Washing- 
ton, writing for the ‘ Horticulturist,’ described the Red Dutch 
as ‘a free grower, good bearer, a fair-sized bunch, with large, 
high-colored, rich berries.’ He also describes the Long 
Bunched Red Dutch as ‘a fine, long-bunched, large-berried 
variety of the above. It is later and rather more acid.’ The 
Red Dutch plants received from different American nursery- 
men all seem to agree and might easily come under this last 
description.” 


The synonymy of the red and white currants in general is 
so mixed that names mean very little and are unreliable. It 
therefore became highly probable that the Red Dutch observed 
in Norway was a plant of quite different origin from the Red 
Dutch grown in the United States. Further investigation 
has proved this to be the case. In a letter received from Mr. 
Jorstad on this score the following information concerning the 
Norwegian variety has been obtained :— 

Sis, Le ean. inform lyon sas 5 concerning the synonymy 
of the red currant strains in question. I have conferred with 
Mr. P. Stedje, leader of the Pomological Experiment Station 
at Hermansverk in Sogn. He is our best specialist in this 
matter and has . . . quite a few American red currant strains 
in culture (these he obtained from Paul Thayer in Ohio). 

“Mr. Stedje tells me that there is a great confusion con- 
cerning the names of one and the same strain. The Norwegian 
‘Rod hollandsk druerips’ (i.e., Red Dutch Grape Currant), 
which is the one resistant to (. ribicola, is not identical 
with the Danish ‘Rod hollandsk druerips, but with their 
“Rod spansk’ (i.e, Red Spanish). Our ‘Rod hollandsk 
druerips - is, further, not identical with the American ‘ Red 
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Dutch,’ neither with Long Bunch Holland nor Victoria, but 
it is very similar to Prince Albert and to Rivers Late Red (the 
two latter are possibly identical). Our ‘ White Dutch,’ which 
is susceptible to the rust, is, according to Mr. Stedje, not closely 
telated to our ‘Red Dutch,’ and the same is the case with the 
American ‘ Red Dutch.’ Although the two latter possess the 
same name they are entirely different.” 


It would therefore appear that the Norwegian Red Dutch 
currant, according to the present information at hand, is quite 
distinct from the Red Dutch variety [R. sativum (R. vulgare) 
hybrids group], and belongs within the group R. petraewm and 
hybrids, a group in which resistance to white-pine blister rust 
amongst certain varieties has already been reported. 

It is here interesting to note that Tubeuf (9, p. 27) has 
reported a Red Dutch currant variety (“rote hollindische 
Johannisbeere ’’) immune to white-pine blister rust in Germany. 
In the above-mentioned paper he does not describe infection 
experiments, but he has stated, in a recent letter to the 
present writer, that he demonstrated the immunity of this 
variety many years ago by means of inoculations, and has, 
since that time, repeatedly verified his original conclusions. 
The actual identity of his Red Dutch variety, however, is 
not revealed in the paper, but he refers to a forthcoming 
report on immune currants and gooseberries which will include 
all hitherto unpublished details of his extensive. series of 
infection experiments. 


INOCULATION EXPERIMENTS. 


Cuttings of Norwegian Red Dutch currant were obtained 
by the author during the autumn of 1928 from the Agricultural 
College, As, and from the Pomological Experiment Station at 
Hermansverk in Sogn, Norway, for artificial inoculation 
investigation at the Royal Botanic Garden, Edinburgh. 
Cuttings of the American Red Dutch variety which had 
come originally from Mr. Thayer, United States of America, 
were also obtained from the last-named Norwegian Station. 
In propagating plants of the latter variety it was the writer’s 
purpose to utilise these as check plants in the experiments in 
order to demonstrate the viability of the spore inoculum used. 
At the same time it was the desire of the writer to repeat his 
inoculation results which previously had shown the American 
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Red Dutch to be susceptible to rust in the United States. 
In the present instance, however, British strains of C. 
ribicola were being used. Plants of the very susceptible 
golden currant R. aurewum Pursh, and black currant (R. 
nigrum var. ?) were also included as check plants in the experi- 
ments. The imoculum was obtained from freshly collected 
specimens of diseased Pinus Strobus and P. monticola D. Don 
from Peeblesshire, Scotland. 

The methods of inoculation used were identical with those 
described in a previous publication (4), except in this instance 
a bell-jar was used instead of the “ iceless refrigerator.” The 
first two inoculation sets in April were performed in a heated 
greenhouse where the temperature rose to 75° F. After 
removal from the moist chamber the plants were taken to an 
unheated greenhouse where the temperature fell frequently 
to 48° F. during April and the early part of May. Subse- 
quent inoculation test sets were performed in the unheated 
greenhouse. 

A total of ten comparative inoculation sets were made 
intermittently during the period 22nd April 1929 to 12th June 
1929. Particular care was taken to utilise plants at the time 
when the leaf condition was optimum for rust infection. All of 
the plants reported in these experiments were not only healthy 
and vigorous but also unaffected by mildew or other fungi which 
might interfere with the parasitic attack of the Cronartium. 

Among the susceptible plants, infection spots were observed 
to form within nine days and extruded urediniospores within 
twelve days. Necrotic flecks formed in the leaf tissue of the 
resistant Norwegian Red Dutch currant within nine days. 
The results obtained in inoculating plants of the Red Dutch 
variety from Norway, and the variety and species used as 
check plants, are presented in the table opposite. 


INOCULATION OF RIBES PETRAEUM. 


It has already been intimated in this paper that varieties 
of the R. petraewm and hybrids group have shown resistance 
to rust in previous experiments. Spaulding (6) reported R. 
petraeum as susceptible. To repeat these results the author 
obtained cuttings from a plant of R. petraeum var. hirsutum 
at the Royal Botanic Garden, Edinburgh, 23rd May, and of 
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R. petraeum Wulf. from Kew, 19th June 1929, and inoculated 
these separately with C. ribicola. The cuttings were kept 
standing in water, which was changed frequently, and their 
cut ends were clipped occasionally to maintain freshness. 
In the inoculation procedure the cuttings were treated like 
potted plants. Care was taken, however, to protect the 
cuttings from the direct glare of the sun. As a check on the 
experiments young shoots of R. awreum were used. 

Both the Edinburgh and Kew plants of R. petraewm were 
found to be susceptible to the rust, the fully expanded leaves 
producing a moderate amount of normal uredinia. While 
satisfactory results with regard to the production of sporulat- 
ing uredinia within twelve days were obtained in this type of 
experiment, it was noted that the relative abundance of 
spores produced on the leaves of the R. awrem cuttings was 
not so great as that produced on inoculated leaves of 
potted plants. 

One very interesting observation on the type of the infection 
of leaves of R. petraeum was made. Leaves of R. petraewm 
var. hirsutum, just behind the growing tip of the shoot, which 
were not quite fully expanded or had only very recently 
become so, showed a marked resistance to the rust. This 
resistance was manifested by a formation of necrotic bits of 
tissue or flecks in the tissues of the leaf in which spores could 
not be found. 


Tyre oF InNrecTIon oF THE NoRWEGIAN Rep Dutcu. 


It was observed in the Norwegian Red Dutch that leaves at 
the base of the plant which had hardened did not show any 
signs of infection by way of necrotic flecks. Above these fully 
matured leaves, however, along the median part of the shoot, 
and just behind the tender, unexpanded leaves at the apex, 
the leaves showed a pronounced “ flecking.”” Plate XII shows 
a leat of the Norwegian currant variety exhibiting necrotic 
flecks to a moderate degree. 

At a later date full histological detail will be given demon- 
strating the rust fungus mycelium amongst the cells of the 
leaf, and the protoplasmic condition of the host cells as a 
result of the attack of the organism. For the present it can 
be said that the Cronartiwm is able to enter the leaf tissues of 
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the Norwegian Red Dutch, but it is unable to propagate 
itself farther and produce spores. Numbers of flecks were 
examined, but in these Spores were not found. It was noted 
that at the point where the fungus had gained entrance the 
cells had become necrotic. Associated with the necrosis there 
occurred a deposition of a tannin-like substance between the 
cells. About this necrotic core or centre the spongy meso- 
phyll cells, and the pallisade cells also, were considerably 
swollen and generally devoid of their choroplasts. The 
general effect of these necrotic flecks in the infected but im- 
mune leaf, when held against the light, was to resemble a 
number of glistening, minute targets with dark “ bulls’-eyes ” 
surrounded by more or less distinct circles or haloes of light 
coloured tissue (Plate XIII). Viewed at an angle, the flecks 
on the under side of the leaf showed as minute, translucent 
blisters with darkened centres. 


Economic IMporTANCE OF THE NORWEGIAN Rep Duteu. 


If the Norwegian Red Dutch variety, which has just been 
tested with such satisfactory results in Scotland under the 
rigorously controlled conditions imposed by the writer, 
maintains this character of immunity to white-pine blister 
rust when introduced into America under environmental and 
fungus conditions there, it may prove to be a most valuable 
plant for propagation and utilization in the blister rust control 
programme of the United States. This European variety 
gives promise of being a very useful plant for hybridization 
purposes in evolving other disease immune varieties. In 
Norway the variety is regarded highly as an excellent and 
dependable producer of fruit of good quality. The Norwegian 
Red Dutch currant, however, must be rigorously and thor- 
oughly tested in its new environment, against American 
strains of C. ribicola, before definite claims or statements can 
be put forth regarding its immunity, and recommendations 
made for its propagation in the United States. 

Throughout this investigation in Scotland the writer was 
accorded every possible assistance. Particular acknowledg- 
ment is made to Professor Wright Smith, Regius Keeper of the 
Royal Botanic Garden, who generously provided greenhouse 
Space and placed equipment at the disposal of the writer ; and 
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to Mr. Ivar Jorstad, Botanisk Museum, Oslo, who procured for 
the writer cuttings of the Norwegian Red Dutch through the 
kindness of Mr. P. Stedje, Pomological Experiment Station, 
Hermansverk in Sogn; and Professor O. Moen, Agricultural 
College, As, Norway. Thanks are also due to Professor Oscar 
Hagem, Botanisk Museum, Bergen, for botanical specimens 
and information on the Norwegian currant variety ; to Dr. Hill, 
Director of the Royal Botanic Gardens, Kew, for fresh speci- 
mens of R. petraeum Wulf., procured through the kindness of Dr. 
Malcolm Wilson ; to Dr. J. G. Maynard, Agricultural and Horti- 
cultural Research Station, Long Ashton, Bristol ; and Mr. Paul 
Thayer, U.S.A., for information on the Norwegian currant 
variety ; to Mr. J. Murray of the Forestry Commission, and Mr. 
F. R. 8. Balfour, Dawyck, Stobo, Peeblesshire, Scotland, for 
the specimens of diseased pine received through the courtesy 
of Dr. Wilson ; and to Mr. L. B. Stewart, Assistant Curator of 
the Royal Botanic Garden, Edinburgh, under whose direction 
the plant cuttings from Norway were propagated. 
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Notes on Srranp Puants.—III. Satsoua Kati L,. 
By Isapenta 8. McNicoxt, B.Sc. 


(Read 27th June 1929.) 


Salsola Kali is a low-growing, annual, herbaceous, bushy 
strand plant occupying a circular area of ground. It is 
anchored by a deep pivot root, and the lower shoots lie flat 
along the surface of the sand. Its epigeal system consists of 
dorsiventral branches given off radially from a vertical axis, 
which rarely rises above five centimetres in height. The main 
axis does not retain its dominance but bends over into a dorsi- 
ventral position. The tips of all the branches are ascending. 

The leaves are arranged on a two-fifths phyllotaxy, and 
the internodes are 2-5 mm. in length. They are small, 
three times as long as they are broad, sessile, succulent, 
with a spinose tip, and are oriented at right angles to the 
stem. The stems are relatively thick, 4-5 mm. in diameter, 
stiff, resilient, and resistant. The secondaries bear tertiary 
branches given off in two lateral rows. When young they are 
sub-erect, and as they age, bend over into a dorsiventral 
position, probably due to gravity, preserving the general 
dorsiventrality. Each node bears two accessory buds serially 
arranged, about fifty per cent. of which develop into shoots, 
the active one being invariably the upper of the pair. The 
plant dies down in early autumn and propagates and peren- 
nates by seeds. The fruits are wind and water dispersed. 

The plant is a member of the strand community, and is 
found on the seaward side of the dunes, also in sandy bays 
among the white dunes. The conditions of the habitat are 
hard and determine xerophily and an open community. The 
plant therefore exhibits xerophilous and sand-binding char- 
acteristics. In relation to the water distribution in depth the 
base of the root is devoid of branches, while the young region 
has laterals in two rows. Its protective measures against 
excessive transpiration are shortness of internodes, low growth 
with resultant density of foliage, smallness of leaves, spinosity, 
and covering of hairs. The leaves are dorsiventral, bilaterally 
symmetrical, with a flattened sheathing base and a tip 
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prolonged into a lignified spine. For the greater part of 
its length the lamina is cylindrical, but gradually flattening 
towards the base, with increasing concavity on the upper 
surface it grades into the sheath. The succulence of the 
leaves is correlated with the need for conservation of water. 

The main stem is sub-erect, rigid, and circular in section 
of 3-4 mm. diameter. It is slightly ridged and furrowed, 
the ridges being alternately large and small; the more pro- 
minent correspond to the leaf midrib, and are continuous 
through five internodes. The furrows aligned with the 
chlorophyllous areas are green, while the ridges are of yellow- 
green hue. Both furrows and ridges bear epidermal hairs. 
Adult plants are buried by sand-drifting in autumn, but the 
fruits and seeds mature underground and retain their vitality. 

The plant is one of the pioneers in dune formation. Its 
epigeal system is the chief sand-binding mechanism. Sand 
blown up over the latter is stabilised in the network of branches. 
On decay the plant supplies humus ensuring water retention 
and ultimately mineral salts to the substrate, thus paving the 
way for an association progression of grasses such as Elymus 
and Psamma. 

In the leaf the epidermis is uniform on both surfaces. Ten 
per cent. of the cells are prolonged into short, conical hairs. 
The structure of these hairs is as described by Solereder 
(i, 1028) for Chenopodiaceae. While of general distribution 
they are more numerous, besides being about twice as long 
at the basal as at the apical end. The external surface of the 
hairs is roughened by irregular cuticular exerescences. The 
hair-producing cells are almost circular in plan; the other 
cells are regularly hexagonal over the chlorophyllous areas 
and longitudinally elongated in line with the non-chloro- 

_ phyllous areas. The epidermal cell walls are thickened, both 
outer and inner, and there is a well-marked cuticle. 

The margins, the upper and lower surfaces of the base 
aligned with the non-chlorophyllous areas, are without 
stomata, while elsewhere they are generally distributed. They 
are transversely placed, flush with the surface, and either 
circular or elliptical, with circular or slit pore respectively, and 
situated ten pore diameters apart. The mesophyll is differ- 
entiated into peripheral chlorenchyma and central, colourless, 


_aquiferous tissue. The latter preponderates. The chloren- 


See ae 
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chyma is in two strata each one cell deep. The outer, a 
palisade of cylindrical cells with vertical Spaces, is twice the 
depth of the inner cells, which are dodecahedral in shape, 
forming a compact band without any spaces. The chloro- 
plasts line the inner walls of the latter and the side walls of the 
cylindrical palisade cells. Solereder (loc. cit., p. 667), describ- 
ing Salsola longifolia, refers to the inner chlorenchyma layer 
as a starch sheath, and also describes a special starch sheath 
girdling each meristele. The latter appears to be absent, and 
starch was rarely found in the former tissue in 8. kali. 

The chlorenchyma first appears as a strip on the upper side 
of the leaf at the base of the spine (fig. I, 2), and rear- 
wards rapidly extends round to form a complete cylinder 
enclosing the core of colourless tissue (fig. I, 3). Asa cylinder 
it extends back half the length of the shorter leaves and two- 
thirds in longer. Thereafter it splits into four parts (fig. I, 7). 
This change is correlated with the passage in the leaf from 
radial cylindrical to bilateral symmetry. The first break 
in the cylinder occurs on the under side in the line of the mid- 
rib (fig. I, 5), to be followed by others at the leaf margins 
(fig. I, 6 and 7), and almost immediately thereafter by another 
on the upper side again aligned with the midrib. The cylinder 
is now broken up into two upper strands and two lower 
(fig. I, 8). Rearwards the former rapidly contract and dis- 
appear, so that the sheath is devoid of chlorenchyma on its 
adaxial side (fig. I, 9 and 10). The two lower strands continue 
on into the base on its abaxial side and course thence right 
down the stem, after previously contracting to half their original 
width (fg. I, 11). - 

In bulk, the aquiferous parenchyma is the predominant 
tissue of the leaf. Its dimensions and shape change with those 
of the latter, thus it is a cylinder in its apical part and a 
sector of a circle in its basal portion. It has no intercellular 
spaces. Its walls are thin, slightly lignified, and the cell 
contents highly vacuolated. The cells of hexagonal outline 
are the largest in the leaf, but vary in size, the largest occupy- 
ing the region midway between the leaf surface and the mid- 
rib. In place of the hypodermal layer of crystal sacs described 
by Solereder (loc. cit., p. 660) for S. longifolia, S. Kali has a 
discontinuous layer of such sacs at the junction of chloren- 
chyma and aquiferous tissue. 
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Three stelar bundles after closing up and then separating 
in the stem ring pass out approximately parallel through the 


Fie. I.—Distribution of Chlorenchyma in leaf. 


cortex and leaf base, and course through the lamina as a 
central and two lateral meristeles. The laterals course close 
to the margin and fade out at half distance, having previously 
given off adaxial and abaxial branch systems. Those systems 
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from opposite sides anastomosing constitute a vascular network 
between the chlorenchyma and the aquiferous core of thelamina. 
To this system contributions are also made by the midrib, which 
branches at its apical termination but not elsewhere, 

The general plan of the stem is typically dicotyledonous. 
The observations on the structure of the epidermis, of the 
stomata with their transverse orientation and their subsidiary 
guard cells correspond with those of Solereder (loc. cit., pp. 658 
et 662). The cells over the ridges are usually elongated, 
while elsewhere they are isodiametric in surface view. The 
ridges are formed of strands of collenchyma. These as stated 
are associated with the midribs of the leaves, and extend 
downwards through five internodes. Alternate with them are 
the pairs of chlorenchyma strands identical with those of the 
leat. These passing in from the abaxial side of the leaf run 
a parallel course in the stem for five internodes, coalescing and 
fading out in the last internode, whereafter at the adjacent 
node two new strands enter from the leaf. 

The other cortical tissue is parenchymatous, the inner part 
specialised as a starch sheath two cells deep. The primary 
bundles, of collateral open type, fifteenin number and of 
unequal size, are separated by wide medullary rays. They 
are surrounded by a common pericycle and enclose a pith 
of parenchyma cells increasing in size centripetally. The stem 
has a persistent epidermis and forms no periderm. ‘ The type 
of secondary thickening in Salsola undetermined by De Bary 
(2, p. 590) appears to come under his type 4, where the primary 
cambium is temporary and the secondary permanently active. 
Very early the former becomes active, and produces a small 


amount of xylem and phloem. During this development the 


medullary rays are lignified. Secondary cambial arcs arise 
in the pericycle adjacent to the phloem and opposite the 
primary bundles. These unite to form a complete cylinder. 
This, the secondary cambium, remains permanently active, 
and lays down in regular order radial rows of lignified paren- 
chyma and closed collateral bundles. This bundle arrange- 
ment is as described by De Bary (loc. cit., p. 593). They 
alternate both radially and tangentially with intermediate 
tissue, and are arranged in irregularly concentric zones. 
Associated with the increase in secondary tissue is a decrease 
in the size of the pith core and a crushing of the cortical tissues. 
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With reference to the root of Salsola, Fron (3, p. 565) has 
stated that the primary structure is asymmetrical due to the 
mechanical compression of the cotyledons against the primary 
root in the seed. This asymmetry is exaggerated by secondary 
thickening. In his account of the latter (Fron, 4, p. 178), he 
describes the secondary cambiums arising in alternating pairs, 
one pair parallel, the other at right angles, to the primary 
xylem bar, and thereafter linking up. My observations go to 
show that while these cambiums arise in pairs, these are always 
oriented parallel to the primary phloems, and that the primary 
stele which is diarch has a symmetrical not an asymmetrical 
bar of xylem. Normal secondary growth begins early, through 
the activity of an ordinary primary cambium originating as 
usual between the primary phloems and the primary xylem 
bar. The product of this cambium is intermediate, lignified, 
pitted prosenchyma and secondary vasa, some of which are 
in direct contact with the primary xylem bar (fig. II, 1). In 
consequence of this development the cambium is pushed out- 
wards, and at the same time pericyclic contributions to it are 
laid down around the ends of the primary xylem bar, so that 
a cylinder results (fig. II, 2). Externally the cambium pro- 
duces secondary phloem, which brings about the flattening, 
and ultimately the crushing, of the primary phloem elements. 

In the inner layer of the pericycle, opposite the primary 
phloem strands, two secondary cambial arcs are organised 
(fig. II, 2). This behaves as a normal cambium, producing 
lignified prosenchyma in radial rows and tertiary xylem and 
phloem. The secondary cambium extends laterally, and the 
two arcs link up on one side, whereafter one end of this 
cambial are links up with the primary cambium, and this 
accounts for the spiral appearance in the young root (fig. IT, 
3 and 4). Thereafter in succession cambial ares of pericyclic 
and later of phellodermic origin are laid down, and one end 
joining up with the free end of the preceding cambium the 
spiral arrangement is maintained (fig. II, 5 and 6). At various 
levels in older roots concentric ring arrangements instead of 
the spiral system of vascular tissue were met with. This may 
be owing to the fusion of the two ends of the same cambial 
system, probably due to a slight unilateral pressure. Double 
spiral systems also occur. Their origin was not elucidated, 

but it may conceivably be due to fusion of the ends occurring 
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on opposite sides alternately. The young root: is solid, but 
the older roots show medullation from proliferation of primary 
xylem parenchyma. 

Anatomy of the Seedling (seven days old).—The average length 


Fic. [1.—Anomalous cambium arrangement in root. 


of the seedlings from cotyledonary node to root tip is 7:2 em. 
The cotyledons are linear, 1:7 by 2 cm., and are oriented 
horizontally. They emerge, fixed by their apices in the 
fruit-coat and persistent calyx. They differ from the adult 


leaves in the following respects :— 
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(a) In shape, being elliptical instead of circular in section, 
absence of apical spine and of hairs. 

(b) The chlorenchyma is continuous over the rounded apex ; 
the median breaks precede the marginal ones, while in the 
adult leaf the adaxial median break follows on that of the 
marginal. 

(c) The trace is of two instead of three meristeles, and there 
is no cylindrical network. 

(d) Crystal sacs are common, but not localised as in the 
adult leaf. 

The hypocotyl shows the following differences :— 

(a2) Smooth surface without hairs or furrows or stomata. 

(0) The cortex is eight cells deep and of isodiametric cells ; 
an endodermis is present. 

(c) Anthocyanin occurs in epidermis and endodermis in 
greatest concentration, with decreasing amount towards the 
medio-cortex. 

(d) The vascular arrangement in the transition region 
corresponds to Van Tieghem’s Type 3 (Joc cit., p. 783), because 
of the phloem rotation, also to the Cruciform Diarch type of 
Thomas (6, p. 730). Thomas’s description for Anona re- 
sembles that found here and that of Chauveaud (7, p. 309) 
for Amarantus caudatus, and of Wright (8, p. 398) for Cakile 
maritima exactly correspond to that of Salsola. 

For subsequent development two sets of seedlings were kept 
under observation, the one set from seeds which had over- 
wintered naturally in a sand-bed in the garden, and the other 
from seeds collected in October, dried off, and planted in pots 
of ordinary soil with a mixture of sand in March, and kept 
in a frame at a temperature of 45° (night) and 65° (day). 
While showing resemblances, these also exhibited marked 
differences. Most noticeable was that the pot seedlings 
topped the ground a fortnight fully before the others. In 
both cases, unlike the adult plant, anthocyanin was present, 
colouring the hypocotyl and the first two epicotyledonary 
internodes. In respect of leaf and branch arrangement also 
there was identity. The first epicotyledonary node bore a 
pair of leaves, each subtending axillary branches ; spiral 
phyllotaxy begins at the second node with one leaf subtending 
a branch. . 


The following is a résumé of the special features of difference 
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in the two sets at ten weeks. In the natural seedlings the 
cotyledons lie flat on the surface, the sand having drifted and 
bedded the hypocotyl. The epicotyledonary internodes are 
short, and the plant has a rosette appearance. The first two 
internodes are without the chlorenchyma strands. All the 
axillary branches are vegetative, and there is no trace of 
flowers. In contrast, the pot seedlings of the same age 
had developed somewhat differently. They show considerable 
elongation of internodes. The hypocotyl is 2 to 3 em. above 
ground, and is unable to support the weight of the epi- 
cotyledonary portion so that the seedling, top heavy, is bend- 
ing over, but the elongating shoots are bending upwards. Here 
the first epicotyledonary internodes show a pair of chloren- 
chyma strands from each leaf, passing down for part distance. 
Here also appeared an accessory pair of strands aligned with 
the point of junction of the pair of leaves at the first node. 
This exceptional pair is not subsequently repeated. Occasion- 
ally in the lower leaves the stem and leaf strands were dis- 
continuous, but continuity was usually established at the 
second or third node, 7.e. after the spiral phyllotaxy was 
established. cae 

Perhaps the most striking difference of all between the two 
sets was that in the pot seedlings the axillary branches were 
from the first floriferous in contrast to the vegetative condition 
of the natural seedlings. At the third epicotyledonary node 
the solitary leaf or rather bract, with two lateral bracteoles, 
subtends a solitary sessile flower. These flowers appeared on 
the first axillary shoots when the seedlings were six weeks old. 
The accessory axillary buds so characteristic of the adult 
plant first appeared at the ninth node of the pot seedlings at 
three months old, while the natural seedlings of the same age 
showed as yet no trace of them. 

The writer wishes to express her indebtedness for assistance 
in the Botanical Department of St. Andrews University, where 
this work was done. 


SUMMARY. 


1. Salsola is a pioneer in the seaward advance of the sand 
dunes. The leaves exhibit xerophilous characters—density of 
foliage, spinosity, hairs, and succulence. 
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2. The leaves have a characteristic chlorenchyma distribu- 
tion correlated with a change in symmetry. 

3. The distribution of the chlorenchyma of the stem as well 
as the surface ridges is related to the structural features of the 
leaf as well as the phyllotaxy. 

4. Secondary thickening in the stem is effected by a tem- 
porary primary succeeded by a permanent secondary cambium. 

5. The root thickening is anomalous. There is a succession 
of secondary. cambiums linking up partly inter se, producing 

. a spiral disposition of vascular tissue. 

6. To differences in environment seedlings exhibit reactions 

in the form of modification of habit and early flowering. 
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Notes on Srranp Puants.—IV. ARENARIA PEPLOIDES L. 
By AtExanprr Pratt, B.Sc. 


(Read 27th June 1929.) 


Arenaria peploides is a low-growing, spreading, herbaceous 
perennial, with an extensively branching underground shoot 
system. The green shoots maintain an average vertical height 
of 3} inches above the changing sand level. Grown under 
experimental conditions with constant surface level the shoots 
elongate, become top-heavy, and lie prone on the surface. 
This epigeal portion is freely branched, the branches are 
lateral, and one or two per node, and bear opposite and 
decussate leaves. It has an average thickness of 3 mm. and 
a smooth, pale green surface. The nodes are swollen, and 
the short internodes have their surface marked by two longi- 
tudinal, shallow grooves alternating at successive internodes 
and separating the continuations of the decurrent leaf-bases. 
The shortness of the internodes, the leaf arrangement, and 
the absence of petioles ensure density of foliage. 

The leaves are 1 mm. thick, 8 mm. long, and 4 mm. broad. 
They are elliptical in shape, and bear marginally small, rounded 
teeth, which become progressively smaller from the base to the 
apex of the leaf. Small rudimentary stipules at the point of 
union of the connate leaf-bases are in series with these marginal 
teeth. The leaves are succulent, emerald-green, and acquire 
a yellow hue with age. They are bilateral and dorsiventral, 
“suberect when young, but later horizontal. Their acute apex 
has a slight downward tilt, which may become more marked 
with age. The midrib is outlined by a keel on the under 
surface and a groove on the upper, less marked in the older leaf. 

The subterranean axes average 3 feet over all, and ramify 
in all directions through the sand. There is a gradual elonga- 
tion of internodes corresponding with the depth. They are 
cylindrical, light brown, slightly rough on the surface, and 
have an average thickness of 2mm. Lach node bears small, 
paired buds, and there is a progression of oval, sessile buds 
to minute, stalked buds on passing from ground level to 
the deeper layers of soil, probably correlated with seasonal 
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temperature differences according to depth. A limited 
number of these buds elongate into lateral branches, whose 
apices in time, bending upwards, become the green, leafy 
shoots. The bud vernation is imbricate and the ptyxis plain. 
In the scales and young green leaves of the buds crystals of 
calcium oxalate, solitary and rosetted, occur in the mesophyll. 
The root system is adventitious, the rootlets arising singly or 
in whorls at the nodes. Some of these are thin and delicate, 
others limited in number and confined to the deeper layers 
are stout and externally resemble the branches of the 
hypogeal stem. 

For membership of the strand community the plant possesses 
the following xerophilous equipment: extensive hypogeal 
shoot system in relation to anchorage and stabilisation of the 
soil, low growth, density of foliage, and succulence in relation 
to water economy. It is in the foremost line of sand-binding 
pioneers concerned in the seaward advance of the sand dunes. 
As the surface level of the sand rises owing to drifting and 
more and more of the plant is buried, the subterranean anchor- 
ing and stabilising system is amplified, while by corresponding 
elongation of the buds the green foliage system tops the soil 
by a few inches. The result is a small hummock around each 
plant. This was experimentally tested in a sand bed in the 
garden over a period of nine months. 


Histouoey. 


The epidermal cells of the leaf are larger on the shade than 
the light side. The exposed wall of the upper epidermis is 
nearly twice as thick as that of the lower epidermis, but a 
well-marked cuticle is present in both. The small teeth pre- 
viously referred to are each composed of a core of three cells 
covered by an epidermis whose cells are larger than elsewhere. 
The stipules are non-vascular and resemble the teeth in 
structure. 

The stomata are flush with the epidermis, and the outer 
vestibule is contracted by cuticular outgrowths from the 
adjacent cells. They are equally distributed over the basal 
third of both surfaces, but are twice as numerous on the 
apical two-thirds of the lower epidermis as on the corre- 
sponding areas of the upper epidermis. The stomatal system 
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is broadly oval, with longitudinally oriented slits, and the 
inter-stomatal distance is about twenty pore-diameters. 

The mesophyll is differentiated into chlorenchyma and a 
core of colourless parenchyma, both tissues being three cells 
deep. The chlorenchyma is a cylinder discontinuous on the 
under side in line with the midrib, where the gap is filled by 
a longitudinal, abaxial, vertical flange of colourless parenchyma, 
an extension from the central aquiferous tissue. The leaf-base 
is solely of the colourless parenchyma. 

The chlorenchyma is a loose tissue of cylindrical cells with 
numerous vertical intercellular spaces. The aquiferous tissue 
is compact, of isodiametric cells with few and small air-spaces. 
The former is rich in chloroplasts, which become successively 
fewer in the cells of the inner layers until in the inner paren- 
chyma only a few sporadic grains are present. 

The leaf trace is a solitary, closed, collateral meristele, leaving 
the stem stele three bundles distant from its neighbour, that 
passes into the opposite leaf. Traversing the cortex of the 
stem undivided it gives off two lateral branches in the leat- 
base, which course on as the marginal strands of the lamina. 
The midrib gives off lateral branches in one plane throughout 
its course; these latter branch again and form a network 
extending between the two marginal strands. The three main 
strands converge to a brush-like ending at the apex, where there 
is an epithem hydathode occupying a sub-marginal position on 
the abaxial side distant 2 mm. from the actual tip. The water 
pores, five in number, are similar in size and shape to the 
ordinary stomata, except in having no cuticular outgrowths. 
The elements of the xylem and phloem are of the normal type. 
In the material examined some of the vasa contained a zoo- 
gloea, presumably bacterial, but this was not fully investigated. 
Each meristele is girdled by an endodermis, one cell deep, 
containing starch as described by Solereder (Anatomy of the 
Dicotyledons, vol. 1, Eng. trans., 1908, p. 108). 

Crystallogenous sacs are distributed throughout the central 
aquiferous tissue as well as in the chlorenchymatous area next 
the marginal veins. Hach sac contains one sphaero-crystal 
of calcium oxalate, which occupies two-thirds of the cell. 
The sac-wall is cellulosic and a protoplast is present. 

The length of the epidermal cells of the stem is constant, 
but their width varies according as they are in the groove 
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or on the ridge, those in the former position being five-sixths 
the size of the latter. Some cells contain solitary crystals of 
calcium oxalate of variable form, such as tetragonal pyramids, 


Fre. 1.—Hypogeal axis showing the endodermal origin of the 
phellogen A. (300) ° = 


monosymmetric rhombohedrons, twin crystals, and combina- 
tions of pyramids and prisms. : < 

The outer epidermal wall is thick with a wrinkled cuticle 
accounting for half the depth. The stomata, otherwise like 
those of the leaf, differ in being slightly raised above the 
general surface and in being fewer in number, approximately 
one-twentieth occurring per unit area. The cortex isa cylinder, 
nine cells deep ; the cells, cylindrical, vary in size, the larger 
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ones being characteristic of the medio-cortex. The tissue 
is compact with few, small, evenly distributed spaces. The 
majority of the cells contain crystals similar to those of the 
epidermis. The starch sheath is one cell deep ; its cells are 
rectangular, with their long axis longitudinal. A few of them 
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Fie. 2.—T.S. root showing secondary thickening and periderm 
formation. (300) | 


contain radiating masses of needle-shaped crystals of calcium 
sulphate. Their walls are lignified, and the radial walls have 
the characteristic strip. Brick and_ Peterson, quoted by 
Solereder (loc. cit., p. 109), describe a pair of stereom zones in 
the cortex of the stem, viz. a hypodermal of sclerenchyma 
and an inner of sclerotic parenchyma. They record no en- 
dodermis. In the material examined there was found an 
endodermis internal to which was a collenchymatous tissue, 
eight cells deep, but no evidence of either stereom system of 
these writers. The walls of the cortical cells, too, proved to 
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be cellulosic and not lignified as these investigators state. 
The cells are longitudinally rectangular, and are all rich in 
calcium oxalate crystals similar to those of the epidermis. 

The vascular system of the stem is a medullated monostele 
of eight open, collateral bundles separated by narrow rays, 
two cells broad, later becomingindistinct. Secondary thicken- 
ing from a primary cambium follows the normal course. As in 
the leaf, so here a zoogloea occasionally occurred in the tracheae. 

In internal structure the hypogeal axes resemble the epigeal, 
except that the former have a periderm, and there is an entire 
absence of the crystal sacs so abundant in the latter. The 
phellogen appears to be of endodermal origin (fig. 1). This 
would correspond substantially to the position described for 
it by Douliot (Solereder, loc. cit., p. 109), who states that it 
arises on the inner side of the inner stereom, cortical zone. 
The phellogen products are normal, phellem externally, and 
collenchymatous phelloderm internally, 

In its primary structure the root exhibits no very special 
features. The endodermis and pericycle are each one cell 
deep. The stele is solid diarch, and secondary thickening is 
normal. The only noteworthy feature is that the pericyclic 
phellogen precedes the stelar cambium in activity, and forms 
a broad cylinder of phellem externally, and a collenchymatous 
phelloderm internally (fig. 2). 

The writer has to express his indebtedness for facilities and 
assistance afforded him in the Botanical Department, St. 
Andrews University, where this investigation was carried out. 


SUMMARY. 


I. Arenaria peploides is one of the pioneer plants in the 
process of sand-binding and dune formation, its special equip- 
ment being its extensive underground shoot system of perennial 
duration. 

2. Its roots are of two kinds, thin and delicate, and stout 
and longer lived respectively, the latter closely resembling the 
hypogeal branches. 

3. It exhibits no special anomalous features in the anatomy 
of its organs ; roots and underground axes have a periderm, 
in the former originating in a pericyclic, in the latter in an 
endodermal phellogen. 
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4. The leaves show some xerophilous features, viz. aqui- 
ferous tissue and constriction of the stomatal aperture by 
cuticular growths. On the other hand the stomata are flush 
or slightly raised. ; 

5. Crystals of calcium oxalate are a feature, being common 
in the aquiferous tissue of the leaf as sphaero-crystals, and in 


the epidermis, cortex, and collenchyma of the stem as solitary 
crystals of various forms. } 
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SEEDLING ANATOMY IN THE GENUS MESEMBRYANTHEMUM. 
By Curissy I. Kean, B.Sc. 


(Read 27th June 1929.) 


The literature dealing with the seedlings of Mesembryan- 
themum is very scanty. They are described by Lubbock (1) 
as succulent, with the cotyledons broad or narrow and having 
a rounded apex. More recently they have been described and 
classified by N. E. Brown (2). “I do not know,” he writes, 
“of any genus or group of genera in which the evolution of 
one species from another and very dissimilar group can be so 
well shown as by the study of the development of seedlings 
of various species of different.sections of Mesembryanthemum.” 
He gives four types of seedling. 

1. The cotyledons are spreading, thin or thickened beneath, 
and the first leaves are entirely different. The majority of the 
true Mesembryanthemum species belong to this group. 

2. The two cotyledons give a half-globose body, slightly de- 
pressed across the flattened top. The first leaves are also half 
globose, but unlike the cotyledonary body, e.g. M. testiculare. 

3. The cotyledons are as in 2, but the subsequent growth 
is a single ovoid body with a tiny orifice, e.g. M. oviforme. 

4. The cotyledonary body and subsequent growths differ 
but slightly, e.g. MW. pseudotruncatellum. 

The internal structure has been worked out by Hill and 
de Fraine (3), who give two types. 1. The cotyledons form 
a short tube, e.g. M. crystallinum; and, 2, they are joined by 
their ventral surfaces for most of their length, e.g. M. lingui- 
forme. In certain species these workers find that the proto- 
xylems of the cotyledonary strands are exarch before the 
bundles enter the hypocotyl; in others, e.g. M. rhomboideum, 
the protoxylems are not fully exarch, and are sometimes 
practically endarch, but this feature is variable. In M. Bolusii 
and M. linguiforme, the largest and fleshiest seedlings, the 
central bundles of the cotyledons are, for some distance above 
the cotyledonary node, surrounded by an irregular endodermis, 
‘one, two, or three cells deep. 

Among his special types Chauveaud (4) deals with M. erystal- 
linum, of which he writes: “ At the base of the cotyledons 
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the continuation of the vascular bundle is represented only 
by the last of the exarch vessels, deep-seated between the 
two half phloems. On either side of these exarch vessels 
intermediate and superposed vessels are developed.” 

In the present instance seeds of twenty-five species were 
available, and of these eighteen germinated. The first crop 
was sown in December, and germinated in fourteen to sixteen 
days, but in a spring sowing germination occurred in eight 
days. In both cases the percentage of viable seeds was the 
same for any particular species, but varied greatly in different 
species. Ninety-five per cent. were viable in MW linguiforme, 
M. edule, and M. aequilaterale ; 90 per cent. in M. laeve, 
M. scapigerum, and others. There were no intermediate 
percentages ; from 90 per cent. the germination dropped to 
12 per cent. in M. blandum, and to 5 per cent. in M. Bolusiz 
and M. multiflorum. An average temperature of 30° C. was 
maintained throughout. These figures were arrived at from 
repeated tests. 

Growth proceeded very slowly in the winter sowing, the 
month-old seedlings having only cotyledons with the plumule 
undeveloped. From the root tip to the apical bud the average 
length was 17 mm. In spite of the constancy of the tempera- 
ture in the frame the spring-sown seeds developed much more 
rapidly, the same stage being reached in five days instead of 
a month, as was the case in the winter-sown. Ore pair of 
leaves had developed at the end of three months in the winter 
sowing and in fifteen days in the spring sowing. Develop- 
ment then proceeded at about the same rate in the two sets, 
the winter sowing being a little in advance, but the plants so 
produced were not quite so healthy as the spring-sown crop. 
The development of the two sets is shown by the following 


table of dates :— 


Winter Sowing. Spring Sowing. . 
Sown . ; : . 2nd December lst May. 
Germinated . ' ml Sthe ss Otis y. 
Cotyledons developed . 20th - 14th _,, 
First leaves developed . 19th April PASAH Oe, ae 
Two pairs of leaves . 29th May. 


It would appear that temperature in this case cannot upset 
the seasonal periodicity of the seed. 
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The seedlings of the different species show a marked resem- 
blance to each other. They differ very slightly in size, havea 
primary root about 6 mm. in length, an erect epigeal hypocotyl 
of 9 mm., and a pair of fleshy cotyledons fused together to form 
a flat disc 4 or 5 mm. in diameter. The cotyledons are in most 
cases semicircular with the apex rounded, but in a few species 
the apex is pointed, giving a triangular outline to the leaf. 
There is a cotyledonary tube 1-5 mm. in length, with the apical 
bud situated in the depression. The surface of the cotyledons 
is smooth and shiny, with no trace of wax on the epidermis. 
The cotyledons do not appear to be joined along their 
ventral surfaces in any of the species, but, contrary to 
the view of Hill and de Fraine, are only jomed by their 
bases. 

The primary root is very slender, 0-1 mm. in diameter, but 
there is a marked increase in diameter at the “ collet” 
region, and the hypocotyl, though only 0-7 mm. in diameter, 
is easily distinguishable from the root. It is colourless or may 
be pale green at the tip, but in no case was there evidence of 
anthocyanin in the tissues of the hypocotyl. 

The internal structure in every species examined was 
identical. The primary root is diarch and the hypocotyl is 
very simple in structure. The epidermal cells of the hypocotyl 
are elongated, hexagonal in outline, and have clear contents ; 
there are no stomata. The cortex is several cells deep. The 
cell contents are clear except in the green parts, where a few 
chloroplasts are found. Rapides are present in rare cases in 
the cortex and epidermis. An endodermis, one cell deep, 
occurs in the hypocotyl, but is less pronounced than in the 
root, where it is two cells deept 

The epidermis of the cotyledons differs from that of the 
hypocotyl, and in most cases from that of the adult leaf. 
The cells are irregular in outline, of a type only occurring in 
the adult leaves of a small number of species. The stomata 
are less numerous on the upper surface, and subsidiary guard 
cells are not present, in contrast to the adult leaves, in which 
these occur in a well-defined group of species. In section the 
epidermal cells have an exceedingly convex outer wall, every 
cell thus forming an ocellus. It is these convex walls which 


“2 give the glittering surface apparent in the cotyledons of every 


species. The crystal layer which is characteristic of the — 
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outer epidermal wall of a large number of adult forms is 
entirely absent in the cotyledons. 

The mesophyll is chlorophyllous throughout, with no 
typical aqueous tissue. The lower mesophyll is spongy, 
gradually merging into palisade towards the upper surface, 
Tannin sacs have not been observed in any of the species 
examined (Trans. Bot. Soc. Hdin,,. xxx, ph. 1, Dion) oUt 
taphides occur abundantly in both epidermis and mesophyll. 
Calcium malate crystals appear, as in the adult leaf, in 
alcoholic material (Trans. Bot. Soc. Kdin., xxx, pt. 1, p. 43). 

The vascular system of the adult leaf is of two types, and 
these must be indicated before the vascular anatomy of the 
seedling can be fully understood. In certain leaves the 
system arises from a single leaf trace, while in others the 
trace is composed of three separate bundles, 


VASCULAR ANATOMY OF THE HyPpocoryu. 


Type I.—Adult leaf with one bundle in the leaf trace. 

(a) Five-day-old Seedling.—The stele of the hypocotyl is 
identical with that of the root for the greater part of its 
length. Transition from root to stem structure occurs from 
1 to 2 mm. below the cotyledonary node, and is not complete 
at the base of the cotyledons. It is therefore of the “ High 
Type” of Compton (5). In the lower part of the hypocotyl 
the stele is diarch with two exarch protoxylems, thus forming 
a bar of primary xylem in the cotyledonary plane, and flanked 
by an are of phloem on either side, as in fig. I, 1, thus conform- 
ing to the “ Diarch Cruciform Type ” of Thomas (6). A little 
higher up, the xylem bar shows a tiny lateral protrusion on 
one side near the protoxylem, and a similar protrusion on the 
other side towards the opposite protoxylem (fig. I, 2). Still 
later, a second pair of protrusions appear opposite the first, 
so that there are now two pairs on opposite sides of the 


primary xylem bar (fig. I, 3). The next stage shows the 


phloems dividing to give a phloem area opposite each pro- 
trusion (fig. I, 4). The two halves of each original phloem 
area then rotate towards opposite poles, and at the same time 
the protoxylems become inconspicuous (fig. I, 5). The 
transition is therefore of Type 3 of Van Tieghem (7), since 
the phloems alone rotate. Pith formation now occurs by 
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cortical intrusion; the xylem bar divides in the transverse 
plane, giving two bundles each with two phloem patches, and 
forming a triad structure (fig. I, 6). This occurs at the base 
of the cotyledons. The pith increases in size by further 
intrusion of parenchyma, and the bundles are pushed apart. 


Fie. I.—Development of the stele in the transition region in the five-day- 
old seedling of M. aequilaterale. 


1, Primary diarch root. 2-3. Development of lateral protrusions. 4. 
Division of phloem. 5-6. Rotation of phloems and beginning of 
medullation. Protoxylems become inconspicuous. 7. Development of 
lateral strands in the base of the cotyledons. 8. Separation of vascular 

~strands and disappearance of protoxylem a little way up from the base 
of the cotyledons. 


As the bundle passes into the cotyledon, lateral strands of 
xylem and phloem appear as branches of the central strand, 
with which they remain in contiguity for a considerable 
distance through the cotyledon (fig. I, 7). The endarchy at 
the top of the hypocotyl described by Hill and de Fraine 
(loc. cit.) has not been observed. 

The protoxylem disappears in the cotyledon just above the 
base, and typically there are four collateral strands forming 
the central meristele (fig. I, 8). The venation of the cotyledon 
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is asymmetric but approximating to bilateral. A strand may 
be given off first to the left, and a little farther up another 
to the right. The two remaining strands pass forward almost 
to the apex, where one passes out laterally and the other 
remains as the midrib, which may or may not divide again. 
The lateral branches subdivide, and ultimately form a re- 
ticulum. No free endings were observed, the branches being 
linked up in a marginal vein passing right round the leaf. 
At the base this marginal branch links up on either side 
with the corresponding branch from the opposite cotyledon. 

(6) Fifteen-day-old Seedling —The hypocotyl at this stage 
shows no change until just below the cotyledonary node, 
where the triad gives off a pair of small bundles (fig. IL, ge 
These rotate outwards and meet the pair from the opposite 
triad in the median plane (fig. II, 2). They do not coalesce 
but divide again, giving four to six collateral strands, one 
side usually having one more than the other (fig. IT, 3). By 
this time the cotyledonary traces have passed out. The two 
outermost strands from each bundle separate off and approach 
each other as in fig. II, 4, the remaining strands having also 
diverged. As in the cotyledons, the two lateral strands form 
the trace for the next pair of leaves, and divide as before 
(fig. II, 5 and 6). The strands which form the trace for the 
first pair of leaves have come together again at this stage 
preparatory to passing out (fig. II, 6). Fig. IV, 1, shows the 
course of the vascular strands to the cotyledons and to the 
first and second pairs of leaves. 

Typr I.—Adult leaf with three bundles in the leaf trace. 

_ The five-day-old seedling is identical in structure with the 
previous type. The cotyledons have only a single leaf trace, 
and the very young first leaves which are sometimes present 
at this stage have only a single leaf trace also, but as the leaf 
matures the triple trace is developed. 

The development of this type of leaf trace can be studied 
in the fifteen-day-old seedling, where the first leaves are 
about an inch in length. Before passing out, each cotyledon- 
ary bundle gives off a pair of branches as before (fig. ITT,. 1,-2; 
and 3). These join up to form the trace for the next pair of 
leaves, and give off a pair of branches in exactly the same 
way as in the previous type (fig. III, 4). When these have 
joined up the trace gives off a second pair of branches (fig. ITT, 5); 


170 CHRISSY I. KEAN 


which form the lateral meristeles of the second pair of leaves, 
Up to this point the trace of the first pair of leaves is still 


Fic. I1.—Development of the stele in the fifteen-day-old seedling of 
M. aequilaterale, from the hypocotyl to the base of the first leaves. 

1. A pair of lateral strands separate off from each cotyledonary bundle. 
2. Lateral strands come together. 3. Lateral strands divide to give 
four or five strands. 4. Strands separate from each other as coty- 
ledonary trace passes out. 5. Outer strands at each side come together 
and form trace for second pair of leaves. 6. Remaining strands pass 
out as traces to the first pair of leaves. 


single, and to produce lateral meristeles it gives off a third 
pair of branches just before passing out (fig. III, 6). 
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This condition only occurs in relation to the first pair of 
leaves; the second and all the succeeding pairs show a 
different development of the triple trace. As has already 
been shown, the second pair of branches from the first trace 


Fic. 111.—Development of the stele of a seedling of M. linguiforme. 


1-3. Cotyledonary node (as in M. aequilaterale). 4-6. Up to first node. 
First pairs of strands given off from central traces for second pair of 
leaves. Second pairs of strands form laterals for second pair of leaves. 
Third pairs of strands form laterals for first pair of leaves. 7-9. Up 
to second node. First pairs of strands give traces for third pair of 
leaves, and second pairs of strands laterals for third pair of leaves. 


forms the lateral meristeles for the second pair of leaves. 
Between the central and lateral meristeles of this second trace 
a new pair of branch bundles appear (fig. III, 7). These go to 
form the central meristele of the third trace, and pass behind 
the laterals of the second pair (fig. III, 8). A second pair of 
bundles is developed in the same position as the first, and is 
left behind, when the trace passes out to form the laterals 
for the third trace (fig. III, 9). This is exactly the same 
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condition as was found when the second trace passed out, and 
recurs at the development of each succeeding pair of leaves. 


Fie. IV.—1. Longitudinal section of hypocotyl and first and second inter- 
nodes of M. aequilaterale, showing course of leaf traces. (a) Coty- 
ledonary node; (6) first leaves ; {c) second leaves. The numerals to 
the left show the levels corresponding to the diagrams in fig. 2. 


1. Cotyledonary trace gives off a pair of bundles. 2. Bundles come 
together. 3. Divide up into separate strands. 4. Strands separate 
from each other. 5. The two outer strands of each set coalesce to 
give traces for second leaves. 6. First leaves begin to pass out. Course 
of bundles in second internode is identical with that in first. 


2. Longitudinal section of hypocotyl and first and second internodes of 
M. linguiforme. Numerals to the right correspond with those of fig. 3. 

1. Pair of bundles given off from cotyledonary trace. 2-3. Fusion of 
lateral bundles to give trace for first leaves (separation into strands not 
shown in diagram). 4. Trace gives off a pair of bundles to give central 
meristele of second leaves. 5. A second pair of bundles given off to 
give laterals for second leaves. 6. A third pair of-bundles given off 

to give laterals for first leaves. 7. Central bundle of trace for second 
leaves gives off a pair of branches. They pass inwards to give central 


meristele for third leaves. 9. A second pair of branches give laterals 
for third leaves. 


The course of the bundles in the first and second internodes 
is shown in fig. IV, 2. To avoid confusion the strands in the 
bundles are not indicated in this case, but are present to the 
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Same extent as in Type I. In other respects the diagram 
may be compared with fig. IV, 1. 

M. crystallinum, the species described by Chauveaud, belongs 
to Type II. The lateral strands which he states are developed 
late are already present at the base of the cotyledons, and, in 
fact, are the first evidences of transition in the hypocotyl, 
being developed from the lateral protrusions as stated above. 

The evolution of very diverse adult forms of plants from 
seedlings differing but little in appearance is well shown, in 
accordance with Brown’s (Joc. cit.) statement, but the seed- 
lings themselves differ so little as to be grouped as one type. 
They only show varying degrees of succulence, and differ 
slightly in the shape of the cotyledons. 

The first leaves in many cases are not of the adult type 
either in form or structure. In M. laeve the first leaves are 
of the adult form, but a crystal layer in the outer wall of the 
epidermis is only developed with the second pair of leaves. 
In M. caulescens the first and second pairs of leaves are of 
the M. laeve type, and in M. deltoides the first pair are like 
those of M. laeve, the second pair like those of M. caulescens, 
and the third pair have the typical leaf form. The crystal 
layer in the outer wall of the epidermis may be developed 
in the first pair of leaves as in M. Brunthaleri, or much later 
as in M. multiflorum, where it appears for the first time in 
the fifth pair of leaves. In the same way subsidiary guard 
cells may not be developed till the third or fourth pair of 
leaves is produced. The development of hairs in M. erystal- 
linum, described by Heckel (8), is also an example of the 
delayed formation of adult characters ; the typical bladder is 
only developed with the third pair of leaves. There is no 
definite order of appearance of the adult characters. Some- 
times the crystal layer and the stomatal characters appear in 
different pairs of leaves. The adult form of the leaf is usually 
found in the second or third pair of leaves, but the epidermal 
characters may not be typical till the fifth pair is produced. 

The structure of the seedlings is so constant in the species 
examined that it is impossible to derive, from the stele at 
least, any points of phylogenetic importance. Tetrarchy and 
triarchy exist in an occasional plant, but were not found 
in the seedling. This, however, might suggest a reversion to 
a more primitive tetrarch type. At the same time, as the 


+ 
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seedlings are very small, the diarchy, so prevalent, may be 
in relation to size as stated by Compton (loc. cit.). 


SUMMARY. 


1. The seedlings are all succulent, and vary only slightly in 
external form. 

2. The epidermis of the cotyledons is of the primitive 
dicotylous type, with no crystal layer and no subsidiary 

~guard cells. 

3. The stele is diarch, of (es “ Diarch Cruciform Type” 
of Thomas, with transition of the ‘‘ High Type ” of Compton, 
and Type 3 of Van Tieghem. 

4. In every case the cotyledons have a single leaf trace. — 


The writer wishes to thank Professor R. A. Robertson of St. 
Andrews University for his constant interest in the work, and 
to acknowledge her indebtedness to Professor Wright Smith 
and to the gardens of La Mortola for gifts of seeds. 
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WiLuiaM GARDNER SMITH. 
1866-1928. 


By the death of Dr. William G. Smith on the 8th December 
1928 the Botanical Society of Edinburgh has lost one of its 
most distinguished members, a valued friend, and a singularly 
attractive personality. Elected a Fellow of the Society in 
1909, he served for many years on the Council, and for the 
years 1920 and 1921 he occupied the Presidential chair. He 
made frequent contributions to the Society’s Proceedings, but 
these he was usually reluctant to publish, although in the last 
number of the Transactions there appeared a valuable account 
of his work on the eradication of bracken. This paper, 
“ Notes on the Effect of Cutting Bracken,” proved to be his 
last contribution. 

But Smith’s influence as a botanist, as an investigator, and 
as a teacher was known and felt far beyond our own immediate 
circle. He had already done pioneer work in botanical survey 
before settling in Edinburgh. In this he followed the lines 
adopted by his brother Robert; and another has written of 
him that “if he had not taken up his brother’s work where 
it was interrupted by death, and had not inspired his pupils 
in Yorkshire—Moss, Rankin, and Woodhead—to extend and 
develop it, the British Vegetation Committee, out of which 
grew the British Ecological Society, would never have been 
founded ; and though by this time, doubtless, a good deal 
of ecological work would have been done in Britain, it would 
certainly have taken different lines.” No one who knew 
W. G. Smith would ever have gathered from him that he had 
thus given so much impetus to the study of plant ecology in this 
country, and had played so conspicuous a part in guiding its 
progress through a quarter of a century. He was too modest 
a man to claim credit for himself. : 

With the main outline of Dr. Smith’s life most of us are 
familiar. He was born in Dundee on the 20th March 1866. 
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At the age of eighteen he entered the University College there 
and attended the usual classes for graduation in Science, 
gaining prizes in Physics, Chemistry, and Zoology. In 1890 
he graduated B.Sc., taking Botany and Zoology as the final 
subjects of examination. After a short term of teaching as 
assistant science master at the Morgan Academy, Dundee, he 
proceeded to Edinburgh to undertake post-graduate work in 
Botany under the late Sir Isaac Bayley Balfour, in whose 
classes he also acted as demonstrator. His interest in agri- 
culture is evinced in his attendance at the University class in 
this subject during his sojourn in Edinburgh. In 1892 he 
left Edinburgh to undertake the duties of lecturer in agriculture 
under the Forfarshire County Council. This appointment gave 
him opportunity to study farming practice in his native county, 
and it was during this time that he became interested in the 
diseases of plants. Thereafter followed a period of study and 
research at the University of Munich under Professors Hartig 
and Tubeuf, and in the year 1894 he graduated Ph.D. Munich, 
his thesis being entitled ‘‘ Untersuchung der Morphologie und 
Anatomie der durch Exoasceen verursachten Spross- und 
Blatt-Deformationen.” This thesis was subsequently trans- 
lated into Italian. A further outcome of his sojourn in 
Munich was his translation of Tubeut’s ‘“‘ Pflanzenkrankheiten,” 
which was published in 1897 as “ Diseases of Plants induced by 
Cryptogamic Parasites.”’ 

On his return from Munich in 1894 Smith was appointed 
lecturer in plant physiology in the University of Edinburgh, 
a lectureship established in that year, and his was the first 
appointment. This post he held for three years, and in 1897 
he hecame a member of the staff of the Biological Department 
of the University of Leeds, holding the position of lecturer in 
Agricultural Botany and assistant lecturer in Botany. 

While the early period of Smith’s career was marked by his 
interest in plant disease—an interest which remained with him 
to the end—a new and refreshing outlook developed before 
he had been long in Leeds. Both he and his brother Robert 
had come under the influence of Prof. Geddes at Dundee, and 
both had been impressed with the value of local surveys. 
After a further course of study under Prof. Flahault at Mont- 
pelhier, Robert led the way in this country in what was real 
pioneer work in the study and survey of Scottish vegetation. 
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His first papers dealt with the vegetation of the Tay basin. 
The early and unexpected death of Robert Smith in 1900 
was a severe blow to plant ecology in Britain, then in its 
infancy, but William was quick to realise the importance of 
the new line of study, and entered into it with characteristic 
energy and zeal. He continued his brother’s work in the 
botanical survey of Scotland—accounts of the Edinburgh and 
North Perthshire districts had already appeared in the “ Scottish 
Geographical Magazine ” for 1900—and in 1904 he published in 
the same journal an account of the vegetation of Forfar and 
Fife. These studies were more than a mere mapping of the 
vegetation. They emphasised the relationships of plant 
communities not only among themselves but also to economic 
needs. Moreover, they aroused in the field botanist a new 
interest in the study of local floras. This was soon felt in the 
centre where Smith was teaching. With the assistance of his 
pupils, Moss and Rankin, at Leeds he undertook the botanical 
survey of Yorkshire, and in 1903 there were published the 
first two vegetation maps in England, dealing with the 
geographical distribution of vegetation in Yorkshire. 

From these beginnings there was soon felt the need of 
some central organising body for the systematic study of 
British vegetation, and due largely to Dr. Smith’s foresight 
and initiative there was established “A Central Committee 
for the Study and Survey of British Vegetation,” afterwards 
known as the “ British Vegetation Committee.” Of this he 
was secretary, and did much in inspiring the earlier work in 
plant ecology in this country. When the British Ecological 
Society was founded in 1913 he was unanimously elected an 
~ Honorary Life Member, and he was President of the Society 
for the years 1918 and 1919. To the first number of the 
“ Journal of Ecology,” published in March 1913, he contri- 
buted an important paper dealing with Raunkiaer’s “ Life- 
Forms ” and Statistical Methods, thus bringing to the notice 
of ecologists the value of studying the “ biological type ” to 
which species belong. He himself applied the method with 
valuable results in his studies on the composition of grasslands. 

In 1908 Smith returned to Edinburgh as lecturer in Biology 
at the Edinburgh and East of Scotland College of Agriculture. 
His intimate knowledge of ecological work and methods was 
soon turned towards the solution of outstanding agricultural 
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problems in Scotland, especially the utilisation and improve- 
ment of hill pasture. He made plans for a complete agri- 
cultural survey of the Southern Uplands, and a good deal 
of ground had been covered when the work -was interrupted 
by the War. The account published in the “Journal of 
Ecology,” March 1918, dealing with the distribution of Nardus 
stricta in relation to peat, illustrates clearly the scheme he had 
in view, and shows also how closely he kept in mind the 
economic bearing of the work. He never separated practice 
and theory, and he will always rank among the first in this 
country to realise the importance of applied plant ecology. 

The acquisition by the Edinburgh College of Agriculture of 
Boghall Farm gave Dr. Smith experimental ground con- 
veniently situated for the further pursuit of his investigations 
on hill pasture. He had many problems in hand, and the 
farm had a great attraction for him. Every morning he 
looked out to see if it was a “ farm day ” or a “ college day,” 
and he dressed accordingly! In addition to local problems 
he was also engaged on investigations in connection with the 
School of Animal Nutrition at Cambridge, especially in the 
nutritive value of pastures. 

Dr. Smith retired from teaching duties in 1926, when he 
was appointed Advisory Officer in Agricultural Botany to the 
Board of Agriculture for Scotland. No one ‘was better fitted 
for the post, for on matters concerning agricultural botany in 
Scotland no one had a wider or more varied experience. But 
by many he will be remembered best as a teacher who had 
his own ways of teaching. Both in the laboratory and in the 
field he gained the confidence and affection of his students, 
attracted by his impressive personality and mastery of his 
subject. J. R. Marrxews. 


ROBERT CocKBURN MILLAR. 
1853-1929. 


It was with feelings of deep regret that the Botanical 
Society learnt of the death of Mr. R. C. Millar, C.A., which 
took place at his home in Edinburgh on the 19th April 1929. 
For many years he was one of the best known and most highly 7 
esteemed of Edinburgh chartered accountants, and although 


his professional work claimed a great part of his time, he | 
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nevertheless found opportunities to cultivate wide tastes in 
Literature and Science. He hada genuine interest in Botany, 
Zoology, and Geology ; was a member of a number of Scientific 
and Natural History Societies, and did much to aid their 
advancement and arouse the interest of others. We of the 
Botanical Society feel that we have lost a good friend, a very 
helpful member and office-bearer. 

Among the last times I saw Mr. Millar was at the Glasgow 
meeting of the British Association for the Advancement of 
Science, which he was attending as a delegate of a number 
of Edinburgh societies. It was on this. occasion he told me 
something of his early schooldays, speaking of the late sixties 
of last century. His own school was the Royal High, and 
among subjects of instruction which made a special appeal to 
him was Natural History, of which a good deal was taught 
On leaving school he attended classes at the Watt Institution— 
now the Heriot-Watt College—and to his delight he carried 
away the prize in the class of Botany. In other channels, 
however, Mr. Millar was to find his lifework. As a young 
man he was apprenticed to the late Mr. Charles Murray 
Barstow, one of the original members of the Edinburgh Society 
of Accountants. Subsequently he joined Mr. Barstow in 
partnership, and by his own merit and ability he rapidly 
attracted a large volume of business, and soon the firm of 
Barstow & Millar stood in the front rank of the profession. 
Of Mr. Millar’s own work only this need be said, and I quote 
from another who has already paid him tribute: “To him 
quality was everything.” Not only did Mr. Millar have a 
brilliant career as a chartered accountant, he had also a large 
share in everything pertaining to the work of the Society of 
Accountants. ‘‘ Few members did more for its advancement 
and prestige than he.” And in due course the Edinburgh 
Society honoured him by electing him President, a post he 
held from 1910 to 1913. He was also a past Honorary 
President of the Chartered Accountants Students’ Society, in 
which he always took a lively interest. He was a frequent 
contributor to the “ Accountants’ Magazine” and author of 
the “ Accountants’ Handbook.” For fifty-two years he was a 
member of the Edinburgh Chamber of Commerce, and acted as 
Chairman for the year 1907-1908. He was one of the Trustees 
of the Edinburgh Savings Bank and a director on other 
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companies, and in these offices his wide knowledge of finance 
was of the greatest service. 

In the sphere of Education, especially business training, 
Mr. Millar’s contribution will remain outstanding. He under- 
took the organisation of the business side of the Heriot-Watt 
College at the time when Sir Francis Grant Ogilvie was 
appointed Principal, and for many years he gave lectures on 
the “ organisation and technique of industry and commerce.” 
He was, in fact, the first Lecturer on the Practice of Commerce 
at the Heriot-Watt College, and this, like much of his work, 
was a labour of love. One of his old pupils now carries on the 
work as Professor of Commerce in the University of Edinburgh. 

Mr. Millar’s connection with our own Society is a long one 
—he was elected a Fellow in 1890. Two years later, when the 
Society required the assistance of an auditor, Mr. Millar’s 
services were secured. From that time until last year he has 
audited our accounts annually, and the Society remembers 
with gratitude the assistance so freely and so willingly given. 
He was a frequent attender at our meetings, and many will 
recall his bright and cheery presence. Thosé who knew him 
found always the same kind and friendly welcome, typical of 
the true nature of the man. J. R. Marruews. 


ARTHUR BENNETT. 
1843-1929. 


When the late Professor Trail commenced the publication 
of “ Topographical Botany of Scotland ’’ in the “ Annals of 
Scottish Natural History,’’ 1898, he wrote that “ the thanks of 
all interested in the Scottish flora are due in a very special 
degree to Mr. A. Bennett for the unwearied.assistance he has 
given to local botanists in determining the critical species of 
their districts, and for his ‘ Additional Records of Scottish 
Plants,’ in which he has brought together and put within our | 
reach, year by year, the information scattered through our own 
journal, the ‘Journal of Botany,’ the publications of societies, 
and occasional floras in book form. The value of the ‘Records’ 
is most appreciated by those that know them best.” Thirty 
years have passed and the same tribute may well be penned 
again. ~By the death of Arthur Bennett, not only Scottish 
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Botany but British Botany has lost an ardent worker, and one 
who never became weary in helping others. Something of 
his life-story and of his work has been told by Dr. G. Claridge 
Druce and Mr.(. E. Salmon in a recent number of the ‘‘ Journal 
of Botany,” but it is fitting that our own Transactions should 
bear testimony to the worth of one of our oldest Associates and 
one of the most regular contributors to our pages. 

Arthur Bennett was born at Croydon on 19th June 1843, 
the son of a builder and house decorator. On leaving school 
he entered his father’s business, to which he eventually suc- 
ceeded, and which he carried on until the time of his death 
on 2nd May 1929. For over fifty years he devoted much 
time and energy to the elucidation of many of the critical 
genera in our native flora, while the topographical distribution 
of plants was one of his great interests. He hada very wide 
circle of correspondents, from whom thousands of specimens 
poured in upon him, involving an enormous amount of labour 
in their sifting; but he never failed to reply to a query, and he 
really enjoyed working out a difficult problem to help a fellow- 
worker. He had a wonderful capacity for making notes,-as 
his letters abundantly show, and it is not Surprising that 
his published notes and papers run into hundreds. What is 
surprising is that a business man with restricted space, time, 
and library should have accomplished so much. For Bennett 
was not only one of the best all-round amateur botanists of his 
day, he was a recognised expert on certain groups of plants— 
especially aquatics—and an authority on the genus Potamo- 
geton. He was responsible for the completion of Fryer’s 
“ Potamogetons of the British Isles,” and the authorities at 
Kew and at the British Museum entrusted him with the 
naming of pondweeds from all parts of the world. 

In Topographical Botany he continued the work of H. C. 
Watson, and in 1905 published a supplement to the second 
edition of Watson’s work ; while in the “ Journal of Botany ”’ 
for May of this year there appeared the first instalment of a 
second supplement, in the preparation of which he had the 
assistance of Mr. C. E. Salmon and myself. He was especially 
interested in the botany of East Anglia, yet he did not suffer 
from any narrow provincialism. If the gaps in Watson’s 
“ Topographical Botany ” were to be filled, he recognised the 
need for steady systematic work chiefly in many of the northern 
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counties. Thus he commenced in 1886 the publication in the 
‘Scottish Naturalist’ of “ Additional Records of Scottish 
Plants,’ and these continued yearly until 1891, subsequently 
finding a place in the “ Annals of Scottish Natural History,” 
almost without a break until 1905. He was much interested 
in the flora of Caithness, Sutherland, and the Outer Hebrides, 
and contributions towards a “ Flora of Caithness” appeared 
at regular intervals in the “ Scottish Naturalist,” the “Annals 
of Scottish Natural History,” and in our own Transactions 
from 1888 until 1928. This interest in the flora of the north 
of Scotland was part of Bennett’s love for the flora of 
Scandinavia, Iceland, and the Faroes. That the floristic 
affinities of these areas attracted his attention early appears 
from his compilation of a list of plants (“‘ Scottish Naturalist,” 
1885) occurrmg in Iceland and the Faroe Islands but not 
known as British. It is mteresting to note the inclusion of 
Arabis alpina Linn. in this list, which he thought should 
occur in Scotland judging from its general geographical dis- 
tribution—an opinion which was proved to be correct by its 
discovery in Skye only two years later. Again, Carex micro- 
glochin Wahl., which also appears in the list and which 
“might well be passed over as pauciflora,’’ was added to the 
Scottish flora as recently as 1923. 

It is impossible in a brief notice to deal fully with Bennett’s 
contributions to British field botany. In the “Journal of 
Botany ” alone, from the appearance of his first note in 1878, 
“no fewer than two hundred and forty-three notes, papers, 
and reviews have appeared in its pages.”” To Scottish publi- 
cations he was likewise a liberal contributor, and in our own 
Transactions some forty papers have come from his pen. He 
was elected an Associate of our Society i in 1886, a Fellow of 
the Linnean Society in 1881, retiring in 1905, but he was made 
an Associate of that Bootes in 1910. As Mr. Salmon has 
written : “ Not only has British Botany and the investigation 
of Potamogeton throughout the world suffered a severe loss 
by his death, but many of us are feeling how much we miss 
an old and valued friend.”’ J. R. Marruews. 
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Davip Pauvt. 
1845-1929, 


The death of the Very Rey. Dr. Paul, which took place 
at his residence in Edinburgh on 12th July 1929, removes 
from the roll of our Society a man of rare and varied gifts, a 
distinguished minister of the Church of Scotland, and a great 
lover of Nature. For long he was in our midst, a familiar 
figure at our meetings, and there are many who will miss his 
warm and genial welcome and the charm of his gracious 
personality. 

Dr. Paul was a son, a grandson, and, through his grand- 
mother, a great-grandson of the Manse. His father, Dr. 
William Paul, an eminent Hebrew scholar, was minister of 
the parish of Banchory-Devenick, and in the parish manse 
David Paul was born on 28th August 1845. His early 
education was gained at Banchory, and was continued at the 
University of Aberdeen, which he entered as first bursar of 
the year at the age of seventeen. His academic career was 
one of great distinction. He was prizeman in several classes, 
and graduated in Arts, with first-class honours in Classics and 
second-class honours in Mental Philosophy. He was awarded 
the Town Council Gold Medal as the most distinguished 
graduate of the year, and was elected Fullarton Scholar in 
Classics and Mental Philosophy. His course in Divinity was 
taken partly at Aberdeen and partly at Edinburgh. 

In 1869, at the early age of twenty-three, Dr. Paul was 
ordained at Morebattle, and was translated to. Roxburgh in 
1876, where he ministered for twenty years. There he took 
an active share in the public work of the community, acting 
as chairman of the School Board, chairman of the Parish 
Council, and clerk to the Presbytery of Kelso. In 1896 he was 
called to the Robertson Memorial (Grange) Church in Edin- 
burgh, which charge he held until his resignation in 1919. 
“In each of his spheres of labour,” says another, ‘“‘ he proved 
himself a model parish minister, attentive and devoted to all 
the interests of his people, while taking a weighty share in the 
wider work of the Church.”’ And it was no small burden that 
Dr. Paul undertook to carry in the larger administrative work 
of the Church. A vast amount of committee work, dealing 
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with different departments of the Church’s activities, was 
carried on for many years, added to which was his appoint- 
ment in 1909 as Depute-Clerk of the General Assembly, to be 
followed three years later by his appointment as Principal 
Clerk, an office he held until 1926. The highest honour the 
Church can bestow—the Moderatorship—was awarded in 
1915. To quote from an appreciation appearing in the “ Scots- 
man ”’ at the time of his death : “‘ The distinction of his career 
had made the honour inevitable, and thus its bestowal was 
received with warm and general assent. In the discharge of 
the duties of the high office he bore himself with that dignity 
and gracious courtesy which were so marked a feature of his 
personality, and he guided the deliberations of the General 
Assembly with a clear and sound judgment.”’ 

As the Church has lost a great leader, so botanical science 
has lost a loyal and devoted student. Though some of the 
more modern cults of Botany may not have made a very 
strong appeal, yet the older and perhaps more fundamental 
outlook of “ knowing one’s plants ’’ was keenly developed, and 
this Society, and Scottish Botany in general, owes much to 
his enthusiastic pursuit of systematic work in the field. A 
wide knowledge of our native flowering plants was added to 
an intimate acquaintance with the cryptogams. He knew the 
larger British fungi well, and ferns were a constant source 
of study and enjoyment. Nor was his Botany restricted to 
narrow bounds. He was a great traveller, and more than one 
voyage to distant lands was undertaken in search of a fuller 
knowledge of the plant world. In 1889 he spent five weeks in 
British Guiana, and our Transactions for 1891 are enriched 
by_a vivid description of the vegetation of that area. His 
object in going, he tells us, was to see tropical rain forest. “ To 
see Palms growing in perfection had been.a long cherished 
dream, and it was now realised to the full.”’ 

Dr. Paul’s connection with the Botanical Society dates from 
1883, when he was elected a Fellow. He was President for 
the Sessions 1899-1901, and in 1906 he was elected Foreign 
_ Secretary, continuing in this office until the time of his death. 
His two presidential addresses, “On the Ferns, especially the 
Filmy Ferns, of Jamaica,” and “ The European Species of the 
Genus Primula,” illustrate his scope of subject and width of 
outlook... The first is presented in that fluent style which is — 


. 
x 


OBITUARIES 185 


characteristic of much of his writing ; the second is more 
analytical, denoting the exact and critical mind. A further 
communication in 1911, unfortunately never published, dealt 
with the Marattiaceae and Schizaeaceae, especially those 
native of Jamaica. 

Despite these excursions into far fields, Dr. Paul’s interest 
in British Botany never waned. He enjoyed nothing better 
than a day on the hills, and he would travel far to see a rare 
plant growing in its native place. Such outings were never 
forgotten, and they were often the occasion for anecdote and 
reminiscence. Of the Scottish Alpine Botanical Club he was 
at different times Secretary and Treasurer and President. The 
reports of excursions which came from his pen are vivid 
accounts of days spent in exploring some of the remoter 
corners of Scotland. To those of us who are younger, who may 
be fired with a like enthusiasm to see our native flora, there is 
something to be gained by a reading of these stories as told 
by Dr. Paul. His was a real love of plant life, and he could 
tolerate no wanton destruction. Writing in 1901 of a search 
made for the Killarney Fern, which was at one time found in 
many localities near Lough Cruttia, but now nearly, if not 
quite exterminated by collectors, he says: “It is sad to think 
that so interesting a plant should be doomed to extinction to 
satisty an ignorant and stupid cupidity.” 

Dr. Paul’s interest in flowering plants and ferns was more 
than equalled by his interest in fungi, particularly the Hymeno- 
mycetes. For many years he was a member of the Crypto- 
gamic Society of Scotland, and was President in 1922. He was 
a member also of the British Mycological Society, and in 
recognition of his work and the encouragement he had given 
to the study of fungi, he was elected President in 1918. His 
presidential address to the Mycological Society, published in 
1920, deals with the “ Earlier Study of Fungi in Britain,” and 
reveals at once not only his knowledge of the larger fungi, but 
also the literary charm with which he could adorn a scientific 
subject. 

As the Church had honoured Dr. Paul, so also the Universities 
and Scientific Societies. In 1894 his Alma Mater recognised 
his classical and scientific attainments by conferring upon him 
the degree of LL.D., while the University of Edinburgh con- 
ferred the degree of D.D. in 1915. He was elected a Fellow of 


186 OBITUARIES. 


the Linnean Society in 1926. Another and somewhat different 
honour, not unconnected with our own Society, came to him 
in 1923, when there was published the description of a Prumula 
named in his honour. It is peculiarly fitting that the name of 
one who has done so much for our Society, who himself was 
an enthusiastic student of the European species of Primula, 
should be thus commemorated. Those who were present at 
the meeting when Primula Pauliana, W. W. Sm., was exhibited 
and described cannot but remember the beauty and appeal of 
Dr. Paul’s words as he stood, in the fulness of his years, 
acknowledging the tribute which had been made to one of 
Nature’s most devoted sons. — J. R. Marruews. 
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